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ERRATA  FOR  NAWCWPNS  TP  8347 


The  following  table  lists  errors  or  clarifications  for  the  EW  and  Radar  Systems  Engineering 
Handbook  (TP  8347)  dated  1  April  1997. 

The  recipients  of  "Rev  1"  have  the  changes  to  pages  2-5.4  and  all  the  pages  in  section  4-1 1  (which  are 
superceded  by  further  updates  in  Rev  2). 

The  recipients  of  "Rev  2"  have  changes  to  the  following  pages:  2-1.2,  2-1.4  thru  2-1.5,  2-1.11  thru 
2-1.14,  2-6.2  thru  2-6.8,  3-1.1  thru  3-1.16,  3-2.8,  3-3.18, 4-3.5  thru  4-3.6,  4-3.12  thru  4-3.16,  4-4.3,  4-4.8 
thru  4-4.14,  4-8.7,  and  4-11.2  thru  4-11.8  (supercedes  Rev  1). 

The  "Applies  to"  column  indicates  to  which  edition  the  change  applies:  Original,  1  (Rev  1)  and  2  (Rev 

2). 


1  Page 

Applies  to: 

Change  1 

U.30 

0,1,2  i 

. . . j 

The  "A"  in  TAMPS  now  means  "Automated"  instead  of  "Aircraft"  | 

2-5.4 

0  1 

In  the  5th  paragraph  regarding  duty  cycles, 

after  "pulse"  change  30  -  15  dB  to  read  -30  to  -1 5  dB  | 

after  "pulse  Doppler"  change  13  -  3  dB  to  read  -13  to  3  dB  | 

In  the  last  line  change  PRFs  as  follows:  | 

after  "Low  "  change  1-4  kHz  to  read  0.25-4  kHz 

after  "high"  change  100-300  kHz  to  read  50-300  kHz  j 

See  the  Duty  Cycle  section  here  if  in  doubt.  1 

:  2-6.5 

0,1 

See  the  Doppler  section  for  new  additional  information  on  closing 
velocity.  I 

2-10.2 

0,1,2  i 

Above  paragraph  4  add  "Pms  is  PRI  in  ms"  1 

3-1.3 

0,1  : 

Figure  2  has  been  clarified  by  adding  G  =  xx  dB  to  the  bottom  of  each  j 

box,  and  changing  the  gain  in  the  1.5  degree  segmant  box  from  +42  to  * 

+43  dB.  ! 

! 

3-3.8 

0,1,2  1 

In  the  axial  mode  helix  drawing,  change  spacing  from  pi/4  to  read  j 

lambda/4 

3-5.6 

0,1,2  j 

In  the  6th  paragraph  (Point  E)  change  the  Figure  3  reference  to  Figure  4 

4-2.8 

0,1,2 

In  the  second  line  of  the  third  paragraph,  change  "antenna  (worst  case)"  to  I 
read  "antenna  (typical)"  1 

4-3.12 

0,1  1 

Equation  [11]  should  be  labeled  [12]  j 

4-4.9 

0,1  j 

on  the  third  line  change  "(approximately  1  Hz)"  to  read  "(approximately  i 
100  Hz)"  1 

4-7.11 

0,1,2  1 

At  the  end  of  the  first  line  change  "monostatic"  to  read  "bistatic"  ' 

4-7.14 

0,1,2 

- - - - - - -  - - - ^ 

In  the  formula  on  the  sixth  line  from  the  bottom  change  "+40  -9.54"  to 

read  "-40  -9.54"  1 

1 
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4-8.7 

0,1,2 

In  figure  2  change  "SIGNAL  Pr  or  S  =  40  dB/Decade"  to  read  "20  | 

dB/decade"  | 

:  4-9.5 

0,1,2 

In  the  center  of  figure  3  change  2  or  Rx"  to  read  "  ®  1  or  Rx"  ! 

;  4-9.7 

0,1,2 

In  the  center  of  figure  4  change  "  a  2  or  to  read  "  or  Rx"  1 

4-11.2 

0 

In  Figure  2,  the  note  at  the  bottom  should  read: 

Range  and  r  j 

In  the  first  line  of  the  second  paragraph  change:  ; 

"operating  in  the  far  fied  region..."  to  "operating  at  sufficiently  high 
frequencies  where...."  i 

Add  to  the  end  of  the  second  paragraph: 

"if  calibrated,  other  sources  (cylinder,  flat  plate,  or  comer  reflector,  etc.) 
could  be  used  for  comparitive  measurements."  i 

4^1.4 

0 

A  revised  Figure  4  more  accurately  depicts  the  relative  magnuitde  of  RCS  1 
patterns.  See  Figure  4  of  the  RCS  Section.  i 

s 

4-11.5  &  6  1 

1 

0 

Figure  5  has  been  redrawn  slightly  to  better  match  the  drawing  with  the 
words  on  page  5  and  at  the  top  of  page  6.  See  Figure  5  of  the  RCS 

Section. 

^  4-11.6 

0 

The  wording  explaining  the  interpretation  of  Figure  6  was  changed  and  ) 
moved  to  the  top  of  page  4-11.8  (see  new  wording) 

4-11.7 

i 

0  1 

i 

Two  curves  on  Figure  6  are  drawn  on  the  wrong  side  of  the  straight  Power 
(Jammer)  line.  They  should  be  mirrored  about  the  straight  Jammer  line  as 
shown  in  Figure  6  of  the  RCS  Section. 

4-11.8 

0  i 

(1)  A  new  first  paragraph  was  added  to  the  top  of  the  page  to  correspond  1 
to  the  redrawn  Figure  6. 

(2)  The  terms  "far  field  region"  and  "optical  region"  were  reversed  in  the  j 

original  two  paragraphs,  making  "optical  region"  the  preferred  i 

nomenclature.  ; 

5-2.1 

0,1,2 

In  the  ninth  line  from  the  bottom  (which  begins  with  "where:"),  change  | 

"Signal  to  noise  ratio"  to  read  "Minimum  signal  to  noise  ratio"  I 

7-1.11 

0,1,2 

In  the  third  line  change  "(1)  is  the  same  for  all  radiators."  to  read  "(1)  is  j 
the  same  for  all  radiators  at  that  temperature."  I 

7-1.13 

0,1,2 

In  the  equation  change  "W  cm  -2  "  to  read  "Watts  cm  -2  "  so  there  is  no 
confusion  between  this  "W"  and  the  "W"  at  tha  beginning  of  the  equation.  | 

9-1.7 

0,1,2  1 

i 

Note:  "Multiplexor"  is  also  spelled  "Multiplexer" 
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1C  anomaly  detector . 10-1.31  Microscan  receiver 
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Alternate  two-way  range  equation . 4-5  Range  equation  (two  way)  . 4-4.8 
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r-  rj 
^  *0  iri 

1  I  VO 


ch 


r 


o  *0 
•O  o 

•II 

l-i  u 

a  o 
n  t! 

A  A 

c3  (3 

>  > 


S 

« 

s 

a 

u 


6  6  6 


VO  fS 

rH  00 

4.6 


O 

I 

te 

o 


•o 

u 


B. 

S'  h 

*5‘-< 


Ct, 

bO 

o.  X 
e*-s 

O  U 

Q  > 


I 

es 

3 

IS 


o 

i* 

(A 


a 

*t3 


§s 


S  3 
>  > 


u  :S  ,jg  -5 


00  VO  »n  SO  VO  CO 
fO  CO 


o  tH 


r- 

I 

cn 

S 

I 

»o 


<s  c<> 
o 

lA 
I 

cs 


CQ 

Vo  w 
4>  O 

1| 
Q  I 

D  D 


(/3 

o  S 
§1^ 

i-i 

i  §> 

§•« 

Si'S 

^  •is 

q  o 
q  ^ 
o  q 
D  D 


Units  of  area,  power/energy,  volume,  and  weight  2-1.3  Measurements . 4-1.4 

Units  of  length  and  speed . 2-1.2  Phase  . 2-7.1/4 
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Wavelength  in  ft  =  1  /  frequency  in  GHz 

For  example:  at  10  GHz,  the  wavelength  =  1/10  =  0.1  ft 


Figure  1.  Electromagnetic  Radiation  Spectrum 
2-32 


Figure  2.  The  Microwave  Spectrum 
2-33 


Figure  3.  Frequency  Band  Designations 
2-3.4 
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A  ratio  of  less  than  1.0  is  a  loss,  a  negative  gain,  or  attenuation.  For  instance,  if  10  watts  of  power  is  fed  into  a  cable 
but  only  8.5  watts  are  measured  at  the  output,  the  signal  has  been  decreased  by  a  factor  of 

8.5/10  =  .85 
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40  dBm  -  0.7  dB  +  13  dB  -  137  dB  +  11  dB  -  1.4  dB  =  -75.1  dBm. 


-71.1  dBm  may  be  converted  back  to  milliwatts  by  solving  the  formula: 
mW  = 

10(-75.i/io)  =  0.00000003  mW 
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A  7  dB  decrease  in  power  (-3-3-1)  dB  is  a  decrease  of  (0.5  x  0.5  x  0.8)  =  0.2. 


Example  2:  Assume  you  know  that  the  ratio  for  10  dB  is  10^  3xicl  thdt  the  fstio  for  ^^3  dl3  is  100  ^doubliu^  tho  d'R  mcro^isos 
the  power  ratio  by  a  factor  of  ten),  and  that  we  want  to  find  some  intermediate  value. 
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The  resultant  numbers  are  not  an  exact  match  (as  they  should  be)  because  the  numbers  in  the  table  are 
rounded  off.  We  can  use  the  same  practice  to  find  any  ratio  at  any  other  given  value  of  dB  (or  the  reverse). 


dB  AS  ABSOLUTE  UNITS 


2-4J 


Duty  cycle  (or  duty  factor)  is  a  measure  of  the  fraction  of  the  time  a  radar  is  transmitting.  It  is  important  because 
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used.  Frequently  it  is  necessary  to  convert  from  Pp  tp  P„,  or  vice  versa;  therefore  the  relationship  between  the  two  must 
be  imderstood.  Figure  1  shows  the  comparison  between  Pp  and  P„.  The  average  value  is  defined  as  that  level  where  the 
pulse  area  above  the  average  is  equ2d  to  area  below  average  between  pulses.  If  the  pulses  are  evened  off  in  such  a  way 
as  to  fill  in  the  area  between  pulses,  the  level  obtained  is  the  average  value,  as  shown  in  figure  1  where  the  shaded  area 


of  the  puke  is  used  to  fill  in  the  area  between  pulses.  The  area  of  the  puke  k  the  puke  width  multiplied  by  the  peak  puke 
power.  The  average  area  k  equal  to  the  average  value  of  power  multiplied  by  the  puke  period.  Since  the  two  values  are 
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Figure  1.  RF  Pulse  Train 


Besides  expressing  duty  cycle  as  a  ratio  as  obtained  in  equation  [4],  it  is  commonly  expressed  as  either  a  percentage 
or  in  decibels  (dB).  To  express  the  duty  cycle  of  equation  [4]  as  a  percentage,  multiply  the  value  obtained  by  100  and  add 
the  percent  symbol.  Thus  a  duty  cycle  of  0.001  is  also  0.1%. 
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PRF  is  usually  subdivided  into  the  following  categories;  Low  1-4  kHz;  Medium  8-40  kH^  High  100-300  kHz. 


Doppler  is  the  apparent  change  in  wavelength  (or  frequency)  of  an  electromagnetic  or  acoustic  wave  when  there  is  relative 
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The  Doppler  effect  is  shown  in  Figure  1.  In  everyday  life  this  effect  is  commonly  noticeable  when  a  whistling  train 
or  police  siren  passes  you. 


Doppler  frequency  shift  is  directly  proportional  to  velocity  and  a  radar  system  can  therefore  be  calibrated  to  measme 
velocity  instead  of  (or  along  with)  range.  This  is  done  by  measuring  the  shift  in  frequency  of  a  wave  caused  by  an  object 
in  motion  (Figure  2). 


Figure  2.  Methcxis  of  Doppler  Creation 


When  the  2nd  peak  reaches 
the  target,  the  target  has 
advanced  according  to  its 


Figure  3.  Doppler  Compression  Equivalent  to  Variable  Phase  Shift 

2-6.4 


Reoeh^r  or  Target 


Figure  4  depicts  the  results 
of  a  plot  of  the  above 


Figure  4.  Two-Way  Doppler  Frequency  Shift 
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Frequency  Response 


1.414  X  effective  value 
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The  third  cdw  band  indicates  number  of  zeros  to  be  added  after  figures  given  by  first  two  color  bands.  But  if  third 
color  band  is  gold,  multipty  by  0.1  and  if  silver  multiply  by  0.01.  Do  not  confuse  with  fourth  color-band  that  indicates  tolerance. 
Thus,  a  resistor  marked  blue-red-gold-gold  has  a  resistance  of  6.2  ohms  and  a  5%  tolerance. 


MISSILE  AND  ELECTRONIC  EQUIPMENT  DESIGNATIONS 


three  letters  following  the  "AN/"  indicate  Platform  Installation,  Equipment  Type,  and  Equipment  Function, 
respectively.  The  appropriate  meaning  is  selected  from  the  lists  below.  The  letters  following  the  AN  designation 
numbers  provide  added  information  about  equipment.  Suffixes  (A,  B,  C,  etc.)  indicate  a  modification.  The  letter  (V) 
indicates  that  variable  configurations  are  available.  The  letter  (X)  indicates  a  development  status.  A  parenthesis  (  ) 
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without  a  niunber  within  it  indicates  a  generic  system  that  has  not  yet  received  a  formal  designation,  e.g.,  AN/ALQ(  ). 
Quite  often  the  Q  is  pronounced  "bow  legs"  since  they  look  like  the  shape  of  cowboy  legs. 
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RADAR  HORIZON  /  LINE  OF  SIGHT 


Figure  1.  Radar  Horizon  and  Shadowing 
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This  data  was  expanded 
Figure  3  to  consider  the 


Figure  4.  Ships  Radar  Horizon  with  Target  on  the  Surface 


PROPAGATION  TIME  /  RESOLUTION 
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1  milli  sec  (ms)  165  NM  1 NM  6.18  jisec 

1  micro  sec  ([is)  1000  ft  1  km  3.3  nsec 

1  nano  sec  (ns)  1ft  1ft  1  nsec 


MODULATION 


Figure  4.  Square  Wave  Modulated  RF  Signal  (50%  Duty  Cycle  AM) 


Figure  5  shows  the  pulse  width  (PW)  in  the  time  domain  which  defines  the  lobe  width  in  the  frequency  domain 
(Figure  6).  The  width  of  the  main  lobe  is  2/PW,  whereas  the  width  of  a  side  lobe  is  1/PW.  Figure  5  also  shows  the  pulse 
repetition  interval  (PRI)  or  its  reciprocal,  pulse  repetition  frequency  (PRF),  in  the  time  domain.  In  the  frequency  domain, 
the  spectral  lines  inside  the  lobes  are  separated  by  the  PRF  or  1/PRI,  as  shown  in  Figures  7  and  8.  Note  that  Figures  7  and 
8  show  actual  magmtude  of  the  side  lobes,  whereas  in  Figure  4  and  6,  the  absolute  value  is  shown. 


Figure  5.  Pulse  Width  and  PRI/PRF  Waveforms  (Absolute  Value) 
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TRANSFORMS  /  WAVELETS 


particular  sine  waves.  The  waveform  must  be  continuous,  periodic,  and  almost  everywhere  differentiable.  The  Fourier 
transform  of  a  sequence  of  rectangular  pulses  is  a  series  of  sinusoids.  The  envelope  of  the  amplitude  of  the  coefficients  of  this 
series  is  a  waveform  with  a  Sin  X/X  shape.  For  the  special  case  of  a  single  pulse,  the  Foiuier  series  has  an  infinite  series  of 
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Figures.  Digital  Filtering 
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The  wavelet  transform  has  the  ability  to  identify  frequency  (or  scale)  — r:; - _  . - - — ^ — - - - 

components,  simultaneously  with  their  location(s)  in  time.  Additionally,  •  m  owed  Foimer  Transform 
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than  the  Fourier  analysis.  A  successful 
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Figure  8.  Sample  Wavelet  Functions 
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Figure  9.  Sample  Wavelet  Analysis 
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ANTENNA  INTRODUCTION  /  BASICS 
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The  previous  discussion  presumes  we  know  the  shape  and  magnitude  of  the  antenna  pattern.  Frequently  we  do  not 
know  this,  but  have  other  information  available  to  us. 
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FREQUENCY  (Gigahertz) 


REFLECTOR  DIAMETER  (Feet) 
Figures.  Antenna  Gain  Nomograph 


Figure  7.  Gain  of  a  Typical  Dish  at  9  GHz  (With  Losses) 


Example  Problem:  If  the  two  antennas  in  the  drawing  are  “welded”  together,  how  much  power  will  be  measmed  at  point  A? 

(Line  loss  1^  =  1^  =  0.5,  and  lOlog  Lj  or  L2  =  3  dB) 

Multiple  choice: 

A.  16  dBm  b.  28  dBm  c.  4  dBm  d.  10  dBm  e.  <  4  dBm 
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Figure  2  depicts  plots  of  the  E  field  vector  while  varying  the  relative  amplitude  and  phase  angle  of  its  component  parts. 
Ratio  of 


Phase  angle  between  E  Field  Vectors 
Figure  2.  Polarization  as  a  Function  of  Ey/E^^  and  Phase  angle 
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For  a  linearly  polarized  antenna,  the  radiation  pattern  is  taken  both  for  a  co-polarized  and  cross  polarized  response. 
The  polarization  quality  is  expressed  by  the  ratio  of  these  two  responses.  The  ratio  l^tween  the  responses  must  typically  be 
great  (30  dB  or  greater)  for  an  application  such  as  cross-polarized  jamming.  For  general  applications,  the  ratio  indicates 
system  power  loss  due  to  polarization  mismatch.  For  circularly 


p  g  2  tS 


Figure  3.  Circular  Polarization  -  E  Field 


The  sense  of  antenna  polarization  is  defined  from  a  viewer  positioned  behind  an  antenna  looking  in  the 
direction  of  propagation.  The  polarization  is  specified  as  a  transmitting,  not  receiving  antenna  regardless  of  intended  use. 
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In  general,  a  flat  surface  or  sphere  will  reflect  a  linearly  polarized  wave  with  the  same  polarization  as  received.  A 
horizontally  polarized  wave  may  get  extended  range  because  of  water  and  land  surface  reflections,  but  signal  cancellation  will 
probably  result  in  "holes"  in  coverage.  Reflections  will  reverse  the  sense  of  circular  polarization. 
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If  the  desired  antenna  is  used  for  a  receiving  a  wave  mth  a  single  or  odd  number  of  reflections,  such  as  a  bistatic 
radar  where  separate  antennas  are  used  for  transmit  and  receive  as  shown  in  Figure  6,  then  opposite  circularly  polarized 
antennas  would  be  used  for  maximum  signal  reception.  In  this  case  buy  antennas  of  opposite  polarization  sense  (one 
left  hand  and  one  right  hand). 
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Figure  6.  Opposite  Circular  Polarization 


In  a  comer  reflector,  waves  reflect  twice  before  returning  to  the  receiver  as  shown  in  I%ure  7,  consequently 
they  return  with  the  same  sense  as  they  were  transmitted.  In  this  case  (or  any  even  number  of  reflections)  biQ^  antennas 
of  the  same  polarization  sense. 
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RADIATION  PATTERNS 


characteristic.  This  may  be  a  consideration  for  optimizing  reception  or  jamming. 
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The  following  lists  antenna  types  by  page  number.  The  referenced  page  shows  frequency  limits,  polarizations,  etc. 
4  mm  conical  spiral  3-3.10  log  periodic  3-3.14 
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Antenna  Type  Radiation  Pattern  Characteristics 

Polarization:  Linear 
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larkK  Termination  resistance 
1  to  reduce  backlobes. 


Figure  3 
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Antenna  Type  I  Radiation  Pattern  I  Characteristics 
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Figure  9 
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Figure  12 
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FREQUENCY  /  PHASE  EFFECTS  OF  ANTENNAS 
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the  directivity  of  the  array.  In  an  array,  the  pattern  does  vary  considerably  with  frequency  due  to  element  spacing  (measured 
in  wavelengths)  and  the  frequency  sensitivity  of  the  phase  shifting  networks. 


..  Frequency  Effects 


Spacing  =  X/  2 


Figure  2.  Phase  /  Array  Effects 


i(n)  =  nkd  sm(0o),  for  the  nth  element  where  k  is  the  wave  number  (27t/A.).  In  this  manner  a  linear  phased  array  can  radiate 


a  beam  in  any  scan  direction,  0^,  provided  the  element  pattern  has  sufficient  beamwidth.  The  amplitude  excitation,  A^,  can 
be  used  to  control  beam  shape  and  sidelobe  levels.  Often  the  amplitude  excitation  is  tapered  in  a  manner  similar  to  that  used 
for  aperture  antennas  to  reduce  the  sidelobe  levels.  One  of  the  problems  that  can  arise  with  a  phased  array  is  insufficient 
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There  are  many  other  factors  to  consider  with  a  phased  array  such  as  coning,  where  the  beam  curves  at  large  sc 
angles,  and  mutual  coupling  between  elements  that  affect  match  and  excitation.  They  will  not  be  covered  in  detail  here. 

Of  interest  is  the  gain  of  the  array  which  is  ^ven  by. 


microstrip  or  stripline  construction)  and  cables  of  Figure  5.  Rotman  Bootlace  Lens 

specified  length  connecting  the  array  of  elements  to 


the  parallel  plate  region.  The  geometry  of  the  lens  and  the  cable  lengths  are  designed  so  that  all  ray  paths  traced  from  a  beam 
port  on  the  right  side  to  its  associated  wavefront  on  the  left  array  port  side,  are  equal.  This  tailoring  of  the  design  is 
accomplished  at  three  focus  points  (beam  ports  1, 4,  and  7  in  Figure  5).  Departure  from  perfect  focus  at  intermediate  beam 
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Narrower 


3-4^ 


ANTENNA  NEAR  FIELD 
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When  point  P  is  dose  to  the  antenna,  as  in  Figure  2, 
then  the  difference  in  distance  of  the  two  rays  r  and  R  taken 
respectively  from  the  center  of  the  antenna  and  the  outer 


0 


In  the  parallel  ray  approximation  for  far  field  calculations  (Figure  3)  the  third  term  of  [8]  is  neglected. 

The  distance  where  the  far  field  begins  (Rff)  (or  where  the  near  field  ends)  is  the  value  of  r  when  the  error  in  R  due 
to  neglecting  the  third  term  of  equation  [8],  equals  1/16  of  a  wavelength. 

Rff  is  usuallv  calculated  on  boresight,  so  0  =  90°  and  the  second  term  of  equation  [8]  equals  zero  (Cos  90°  =  0), 
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The  power  density  within  the  near  field  varies  as  a  function  of  the  type  of  aperture  illumination  and  is  less  than  would 
be  calculated  by  equation  [1].  Thus,  in  the  antenna  near  field  there  is  stored  energy.  (The  complex  radiation  field  equations 
have  imaginary  terms  indicating  reactive  power.)  Figure  4  shows  normalized  power  density  for  three  different  illuminations. 
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Power  Density  in  dB  Normalized  to  Y  =  1 ,  i.e.  Y  =  R  /  for  Neor  Field  Measurements 
3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  : 


Figure  4  -  Antenna  Near-Field  On-Axis  Power  Density  (Normalized) 
For  Various  Aperture  Illuminations 


FORFAR  FIELD  MEASUREMENTS; 
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The  potential  dangers  to  ordnance  and  fuels  are  obvious  because  there  could  be  an  explosive  "chain  reaction"  by 
exploding;  consequently,  these  limits  are  generally  lower  than  personnel  limits.  There  are  three  HERO  categories.  The 
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Figure  2.  Lower  Frequency  HERP  from  DoD  INST  6055.11 
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times  the  Specific  Absorption 

Rate  (SAR)  which  might  cause  bodily  harm.  The  term  PEL  is  equivalent  to  the  terms  "Maximum  Permissible  Exposure 
(MPE)"  and  "Radio  Frequency  Protection  Guides  (RFPG)"  in  other  publications. 


There  are  several  exceptions  to  the  maximum  limits  in  figures  2  and  3  (in  some  cases  higher  levels  are  permitted): 
•  High  Power  Microwave  (HPM)  system  exposure  in  a  controlled  environment,  which  has  a  single  pulse  c 
multiple  pulses  lasting  less  than  10  seconds,  has  a  higher  peak  E-Field  limit  of  200  kV/m. 
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NAVSEA  OP  3565  contains  a  list  of  Navy  avionics  which  transmit  RF  as  well  as  radars  along  with  their  respective 
hazard  patterns.  Special  training  is  required  for  individuals  who  work  in  areas  which  emit  RF  levels  which  exceed  the 
uncontrolled  levels.  Warning  signs  are  also  required  in  areas  which  exceed  either  the  controlled  or  uncontrolled  limits. 
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a  certain  area,  you  must  add  the  logarithm  of  the  area,  not  multiply.  The  values  in  the  table  are  rounded  to  the  nearest 
dBm,  etc.  per  m^  so  the  results  are  less  precise  than  a  typical  handheld  calculator  and  may  be  up  to  14  dB  off. 
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FIELD  STRENGTH  APPROACH 
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Table  2.  Conversion  Table  -  Volts  to  Watts  and  dB//A  (P^j  =  ~  Related  by  line  impedance  of  50  Q) 


Table  2.  (Continued)  Conversion  Table  -  Volts  to  Watts  and  dB/^A  for  a  50Q  Line  Impedance 
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POWER  DENSITY 

Radio  Frequency  (RF)  propagation  is  defined  as  the  travel  of  electromagnetic  waves  through  or  along  a  medium. 
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For  safety  (radiation  hazard)  and  EMI  calculations,  power  density  is  usually  expressed  in  milliwatts  per  square  cm. 
That’s  nothing  more  than  converting  the  power  and  range  to  the  proper  imifs 

100  watts  =  1 X 10^  watts  =  1  x  10^  mW 
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10,000 


Figure  2.  Power  Density  vs  Range  and  ERP 


When  antenna  gain  and  power  (or  ERP)  are  given  in  dB  and  dBm,  it’s  necessary  to  convert  back  to  ratios  in  order 
to  perform  the  calculation  given  in  equation  [2].  Use  the  same  values  as  in  example  1  except  for  antenna  gain. 


-  Samole  Real  Life  Problem 
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ONE-WAY  RADAR  EQUATION  /  RF  PROPAGATION 


4-3^ 


Peak  Power  at  Receiver  input,  Pr  (or  S)  =  Pjyv,  =  .JlA  which  is  known  as  the  one-way  (beacon)  equation[2] 


5 


Figure  2.  Capture  Area  vs  Frequency 
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10  log  (S  orP^  =  101og(P,G,G^)  +  20  log — -  {keep  X  and  R  in  same  units) 
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A  value  for  the  one-way  free  space  loss  (a^)  can  be  obtained  from: 
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Remember,  is  a  free  space  value.  If  there  is  atmospheric  attenuation  because  of  absorption  of  RF  due  to  certain 
molecules  in  the  atmosphere  or  weather  conditions  etc.,  the  atmospheric  attenuation  is  in  addition  to  the  space  loss  (refer  to 
Section  5-1). 


FOR  USE  WITH  ONE-WAY  FREE  SPACE  LOSS  GRAPH 


DELTA  FREQUENCY  (f*)  [where:  F  -  (f*)  x  10 
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Figure  6.  One-Way  Space  Loss  Nomograph  For  Distances  Greater  Than  10  Nautical  Miles 
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4-4.1 


Figure  1  illustrates  the  physical 
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Figure  1.  The  Two-Way  Monostatic  Radar  Equation  Visualized 


From  Section  4-3,  One-Way  Radar  Equation  /  RF  Propagation,  the  power  in  the  receiver  is: 
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The  fourth  and  sixth  terms  can  each  be  recognized  as  -a,  where  a  is  the  one-way  free  space  loss  factor  defined 
in  Section  4-3.  The  fifth  term  containing  RCS  (a)  is  the  only  new  factor,  and  it  is  the  "Target  Gain  Factor". 
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shown  in  the  equivalent  circuit  of  Figure  1.  The  Target 
Gain  Factor  expressed  in  dB  is  G„  as  shown  in  equation  [12]. 
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In  the  two-way  radar  equation,  the  one-way  free  space  loss  factor  (aj)  is  used  twice,  once  for  the  radar  transmitter 
to  target  path  and  once  for  the  target  to  radar  receiver  path.  The  radar  illustrated  in  Figure  1  is  monostatic  so  the  two 
path  losses  are  the  same  and  the  values  of  the  two  a/s  are  the  same. 
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RADAR  RANGE  EQUATION  rTwo-Wav  Eauarion') 
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One  cannot  arbitrarily  change  the  receiver  bandwidth,  since  it  has  to  match  the  transmitted  signal  The  "widest 
pulse  width"  occurs  when  the  signal  approaches  a  CW  signal  (see  page  2-11 J).  A  CW  signal  requires  a  very  narrow 
bandwidth  (approximately  1  Hz).  Therefore,  receiver  noise  is  very  low  and  good  sensitivity  results  (see  page  5-2.7).  If  the 


transmit/receive  antenna  that  has  45  dB  gain.  An  aircraft  that  is  flying  31  km  from  the  radar  has  an  RCS  of  9  m\  What 
is  the  signal  level  at  the  input  to  the  radar  receiver?  (There  is  an  additional  loss  due  to  any  antenna  polarization  mismatch 
but  that  loss  will  not  be  addressed  in  this  problem).  This  problem  continues  on  pages  4-3.12,  4-7.14,  and  4-10.8. 


Answer:  lOlog  S  =  lOlog  P,  +  lOlog  G,  +  lOlog  G,  +  G,  -  2a,  (in  dB) 

a,  =  20log/R  +  K,  =  20log  (5x31)  +  92.44  =  136.25  dB 

G„  =  lOlog  a  +  20iog/,  +  Kj  =  lOlog  9  +  20iog  5  +  21.46  =  44.98  dB  (see  Table  1) 

(Note:  The  aircraft  transmission  line  losses  (-5  dB)  will  be  combined  with  the  antenna  gain  (45  dB)  for  both 
receive  and  transmit  paths  of  the  radar) 
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In  the  last  section,  we  had  the  basic  radar  equation  ^ven  as  equation  [6]  and  it  is  repeated  as  equation  [1]  in  the 
table  on  the  previous  page. 

In  section  4-4,  in  order  to  maintain  the  concept  and  use  of  the  one-way  space  loss  coefficient,  cc^ ,  we  didn’t  cancel 
like  terms  which  was  done  to  form  equation  [6]  there.  Rather,  we  regrouped  the  factors  of  equation  [5].  This  resulted 
in  two  minus  otj  terms  and  we  defined  the  remaining  term  as  G„  which  accounted  for  RCS  (see  equation  [8]  and  [9]). 
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tmparing  equation  [3]  to  equation  [10]  in  Section  4-4,  it  can  be  seen  that  ot; 


TWO-WAY  RADAR  EQUATION  (BISTATIC) 


4-6.1 


Figure  1.  Bistatic  Radar  Visualized 


The  peak  power  at  the  radar  receiver  input  is  : 
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avoid  having  to  include  additional  terms  for  these  calculations,  always  combine  any  transmission  line  loss 


JAMMING  TO  SIGNAL  (J/S)  RATIO  -  CONSTANT  POWER  [SATURATED]  JAMMING 
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Basically,  there  are  two  different  methods 
of  emplojing  active  ECM  against  hostile  radars: 


4-73 


The  significance  of  "J-to-S"  is  sometimes  misunderstood.  The  effectiveness  of  ECM  is  not  a  direct  mathematical 
function  of  "J-to-S".  The  magnitude  of  the  "J-to-S"  required  for  effectiveness  is  a  function  of  the  particular  ECM  technique 
and  of  the  radar  it  is  being  used  against.  Different  ECM  techniques  may  very  well  require  different  "J-to-S"  ratios  against 
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4-7.5 


J/S  for  DECM  vs.  MONOSTATIC  RADAR 

Figure  3  is  radar  jamming  visualized.  The  Physical  concept  of  Figure  3  shows  a  monostatic  radar  that  is  the  same 
as  Figure  1,  Section  4-4,  and  a  jammer  (transmitter)  to  radar  (receiver)  that  is  the  same  as  Figure  3,  Section  4-3.  In  other 
words,  Figiu-e  3  is  simply  the  combination  of  the  previous  two  visual  concepts  where  there  is  only  one  receiver  (the  radar’s). 


4-7.6 


lies  to  jamming  monostatic  radars  with  either  DECM  or  support 
•,  the  jammer  is  on  the  target  and  the  radar  receive  and  transmit 
space  loss  factors  (a’s)  are  the  same. 


Figure  4.  Monostatic  Radar  ECM  Equivalent  Circuit 
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Note:  Neither/  nor  A.  terms  are  part  of  the  final  form  of  equation  [3]  and  equation  [5]. 
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3/s  for  DECM  vs.  BISTATIC  RADAR 
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The  equivalent  circuit  shown  in  Figure  6  applies  to  jamming  bistatic  radar.  For  DECM  (or  escort)  vs.  a  aiS^static 
radar,  the  jammer  is  on  the  target  and  the  radar  receive  and  transmit  antennas  are  at  separate  locations  so  only  two  of  the 
three  ranges  and  two  of  the  three  space  loss  factors  (a’s)  are  the  same. 


Figure  6.  Bistatic  Radar  ECM  Equivalent  Circuit 


When  the  radar’s  transmit  antenna  is  located  remotely  from  the  receiving  antp.nna  (Rgure  6),  the 
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Bistatic  J/S  Calculations  fBistatic')  Using  a  One  Wav  Free  Space  Loss  -  The  simplified  radar  equations  developed  in 
previous  sections  can  be  used  to  e5q)ress  J/S. 
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Saturated  J/S  (Mooostatic)  Example  (Constant  Power  Jamlni^1y^ 
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BURN-THROUGH  /  CROSSOVER  RANGE 
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than  the  jamming  signal.  Figure  1.  Sample  J  and  S  Graph 
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-  ONE  WAY  FREE  SPACE  LOSS  - 
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BURN-THROUGH  RANGE  (BISTATIC) 
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Figure  2  shows  both  the  _ _ 

jamming  radiated  from  the  target  J/S  CROSSOVER  and  BURN-THROUGH  RANGES 

and  the  power  reflected  from  the  (BISTATIC) 
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RANGE  WHEN  J/S  CROSSOVER  OCCURS  rBISTATIO  -  The  crossover  occurs  when  J  =  S  in  dB  or  J/S  =  1  in  ratio. 
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of  all  the  appropriate  velocity  vectors  and  ranges  at  the  time  of  launch,  and  the  accelerations  and  changes  in  relative 
positions  during  the  fly  out.  In  other  words,  it’s  too  much  work  for  too  little  return.  The  following  are  simplified  examples 
for  four  types  of  intercepts. 
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frequency  of  the  noise  to  the  radar  frequency.  Modem  noise  jammers  can  set  on  the  radar  frequency  quite  accurately  and 
the  noise  bandwidth  is  selectable,  so  the  noise  bandwidth  is  more  a  matter  of  choice  than  it  used  to  be,  and  it  is  possible 
that  all  of  the  noise  is  placed  in  the  victim  radar’s  receiver. 

If,  in  the  example  above,  the  500  watt  noise  jammer  were  used  against  a  radar  that  had  a  3  MHz  receiver 
bandwidth,  the  noise  jammer  power  applicable  to  that  radar  would  be: 
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Figure  3.  Main  Lobe  Stand-Off  /  Stand-In  ECM  Equivalent  Circuit 
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SIDE  LOBE  STAND-OFF  /  STAND-IN  JAMMING 


Figure  4.  Side  Lobe  Stand-Off  /  Stand-In  ECM  Equivalent  Circuit 


To  calculate  side  lobe  jamming,  the  gain  of  the  radar  antenna’s  side  lobes  must  be  known  or  estimated.  The  gain 
of  each  side  lobe  will  be  different  than  the  gain  of  the  other  side  lobes.  If  the  antenna  is  symmetrical,  the  first  side  lobe 
is  the  one  on  either  side  of  the  main  lobe,  the  second  side  lobe  is  the  next  one  on  either  side  of  the  first  side  lobe,  and 
so  on.  The  side  lobe  gain  is  Gsu, .  where  the  ’n’  subscript  denotes  side  lobe  number:  1,  2, ...,  n. 

The  signal  is  the  same  as  main  lobe  equations  [4]  and  [8],  except  G,  =  G^^o 
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JAMMING  TO  SIGNAL  (J/S)  RATIO  -  CONSTANT  GAIN  [LINEAR]  JAMMING 
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may  be  necessary  to  plot  jamming  twice  -  once  using  J  from  the  constant  power  (saturated)  equation  [1]  on  page  4-7.8  and 
once  using  the  constant  gain  (linear)  equation  [4],  as  in  the  example  shown  in  Figure  1. 

CONSTANT  GAIN  SELF  PROTECTION  DECM 
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lOlog  Srj  -  lOlog  P,  +  lOlog  G,  -  +  lOlog  Gj^)  (factors  in  dB) 

The  jammer  constant  gain  power  output  is:  lOlog  P^co  =  lOlog  Srj  +  lOlog  Gj, 

and,  by  definition:  P  ^  p. 


MONOSTATIC 

The  equivalent  circuit  shown  in  Figure  2  is  different  from  the  constant  power  equivalent  circuit  in  Figure  4  on  page 
4-7.7.  With  constant  gain,  the  jamming  signal  experiences  the  gain  of  the  jammer  and  its  antennas  plus  the  same  space 
loss  as  the  radar  signal. 


Figure  2.  Jammer  Constant  Gain  ECM  Equivalent  Circuit  (Monostatic) 
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To  calculate  J,  the  one  way  range  equation  from  page  4-3.1  is  used  twice: 
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BISTATIC 

The  bistatic  equiv2ilent  circuit  shown  in  Figure  3  is  different  from  the  monostatic  equivalent  circuit  shown  in 
Figure  2  in  that  the  receiver  is  separately  located  from  the  transmitter,  R,^  *  Rr,  or  Rj,;  and  G,  will  be  different  since  the 
RCS  (a)  varies  with  aspect  angle. 


Figure  3.  Jammer  Constant  Gain  ECM  Equivalent  Circuit  (Bistatic) 
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To  calculate  J,  the  one  way  range  equation  from  page  4-3.1  is  used  twice: 
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Linear  J/S  (Monostatic)  E^amnle  (Linear  Power  Jamming^ 

Assume  that  a  5  GHz  radar  has  a  70  dBm  signal  fed  through  a  5  dB  loss  transmission  line  to  an  antenna  that  has 
45  dB  gain  An  aircraft  that  is  flying  31  km  from  the  radar  has  an  aft  EW  antenna  wth  -1  dB  gain  and  a  5  dB  line  loss 
to  the  EW  receiver  (there  is  an  additional  loss  due  to  any  antenna  polarization  mismatch  but  that  loss  will  not  be  addressed 
in  this  problem).  The  received  signal  is  fed  to  a  jammer  with  a  gain  of  60  dB,  feeding  a  10  dB  loss  transmission  line  which 
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problem  is  provided  on  page  4-7.14. 


RADAR  CROSS  SECTION  (RCS) 
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Figure  3.  Backscatter  From  Shapes 
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A^in,  Figure  5  shows  that  these  values  can  vary  dramatically.  The  strongest  return  depicted  in  the  example  is  200  m^  in  the 
beam,  and  the  weakest  is  slightly  less  than  1  m^  m  the  1357225°  positions.  These  RCS  values  can  be  very  mislpading  because 
other  factors  may  affect  the  results.  For  example,  phase  differences,  polarization,  surface  imperfections,  and  material  type 
all  greatly  affect  the  results.  In  the  above  typical  bomber  example,  the  measured  RCS  may  be  greater  than  1000  square  meters 
in  certain  circumstances  (90°,  270°). 
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*  RF  far  field  equivalent 
Courtesy  of  Dr.  Allen  E.  Fuhs,  Ph.D. 


ADDITION  OF  SPECULAR  AND  CREEPING  WAVES 
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EMISSION  CONTROL  (EMCON) 


Figure  1.  EMCON  Field  Intensity  /  Power  Density  Measurements 

4-12.1 


To  compute  the  strength  of  emissions  at  the  antenna  port  in  Figure  1,  we  use  the  power  density  equation  (see  Section  4-2) 
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MIL-STD-461  LIMIT  FOR  NARROWBAND  EMISSIONS 


Figure  2.  MIL-STD-461  Narrowband  Radiated  Emissions  Limits 


Note  that  in  MIL-STD-461D,  the  narrowband  radiated  emissions  limits  were  retitled  RE-102  lErom  the  previous 
RE-02  and  the  upper  frequency  limit  was  raised  from  10  GHz  to  18  GHz.  The  majority  of  this  section  will  continue  to 
reference  RE02  since  most  systems  in  use  today  were  built  to  MIL-STD-461B/C. 
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equations  in  this  section  were  developed  using  far  field  antenna  theory,  use  only  the  indicated  region. 


100  MHz  200  300  500  1  GHz  2  3  5  10  GH 

Radio  Frequency 

Figure  3.  Antenna  Factor  vs  Frequency  for  Indicated  Antenna  Gain 


In  practice  the  electric  field  is  measured  by  attaching  a  field  intensity  meter  or  spectrum  analyzer  with  a  narrow 
bandpass  preselector  filter  to  the  measuring  antenna,  recording  the  actual  reading  in  volts  and  applying  the  anteima  factor. 
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The  antenna  factor  can  also  be  developed  in  terms  of  the  receiving  antenna’s  effective  area.  This  can  be  shown  as  follows: 
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antennas  typically  have  an  average  gain  of  0  dB  (typically  -4  to  +4  dB),  consequently  the  antenna  factor  w< 
a  lot  and  any  error  would  be  small. 


Suppose  that  we  want  to  make  a  very  general  estimation  regarding  the  ability  of  a  system  to  meet  EMCON 
requirements.  We  choose  to  use  a  spiral  antenna  for  measurements  and  take  one  of  our  samples  at  4  GHz.  Since  we  know 
the  gain  of  the  spiral  is  relatively  flat  at  4  GHz  and  has  a  gain  value  of  approximately  one  (0  dB)  in  that  frequency  range. 
The  antenna  is  connected  to  a  spectrum  analyzer  by  25  feet  of  RG9  cable.  We  want  to  take  our  measurements  at  2  meters 


4-12.10 


First,  let’s  assume  that  we  measure  -85  dBm  at  the  spectrum  analyzer  and  we  want  to  translate  this  into  the 
equivalent  strength  at  1  NM.  Our  power  received  by  the  antenna  is:  P,  =  -85  dBm  +  5  dB  line  loss  =  -80  dBm 
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multiple  measurements  and  know  immediately  how  your  system(s)  are  doing.  It  should  be  noted  that  -90  to  -100  dBm  is 
about  the  minimum  signal  level  that  can  be  detected  by  a  spectrum  analyzer,  so  you  couldn’t  take  measurements  much 
further  away  unless  you  used  an  antenna  with  a  much  higbpr  gain 


In  order  not  to  exceed  EMCON,  the  power  density  must  not  exceed  -110  dBm/m^  at  1  NM,  which  is  10  “  mW/ml 
Pt  Gt  =  Pd@i  mn  =  PD@2m  4irR2^  we  solve  for  =  10“(1852m)V(2m)^  =  8.57  x  IQ-^  mW/m^  =  -50.7  dBm/ 

We  11  be  using  a  spectrum  analyzer,  so  we  want  to  compute  what  the  maximum  power  or  voltage  may  be. 


ler  would  any  signal  with  more  power  tl 


Method  2  -  Using  the  Antenna  Factor  Approach 
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Problem:  What  is  the  approjdmate  transmit  power  from  a  receiver? 

1  nanowatt  (nW)  F.  100  pW  K.  10  W 

10  nW  G.  1  milliwatt  (mW)  L.  100  W 

100  nW  H.  10  mW  M.  1  kilowatt  (kW) 

1  microwatt  (pW)  I.  100  mW  N,  10  kW 
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Receiver  Tests 


RF  ATMOSPHERIC  ABSORPTION  /  DUCTING 
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Figure  1.  Atmospheric  Absorption  of  Millimeter  Waves 


ATMOSPHERIC  ATTENUATION 
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Figure  2.  Atmospheric  Attenuation 


Ducdng  is  an  increase  in  range  that  an  electromagnetic  wave  will  travel  due  to  a  temperature  inversion  of  the  lower 
atmosphere  (troposphere)  as  shown  in  Figure  3.  The  temperature  inversion  forms  a  channel  or  waveguide  (duct)  for  the  waves 
to  travel  in,  and  they  can  be  trapped,  not  attenuating  as  would  be  e}q>ected  from  the  radar  equation.  Ducting  may  also  extend 
range  beyond  what  might  be  expected  from  limitations  of  the  radar  horizon  (see  Section  2-9). 
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RECEIVER  SENSITIVITY  /  NOISE 
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We  have  a  lower  MOS  if  temperature,  bandwidth,  NF,  or  S/N„,i„  decreases,  or  if  antenna  gain  increases.  For 
radar,  mksilp.^  and  EW  receivers,  sensitivity  is  usually  stated  in  dBm.  For  communications  and  commercial  broadcasting 
receivers,  sensitivity  is  usually  stated  in  micro-volts  or  dBpv.  See  pages  4-15  through  4-1.7. 
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the  noise  energy  must  exceed  some  threshold  value.  Therefore,  just  because  N  is  m  the  denommator  doesn  t  mean  it  can 
be  increased  to  lower  the  MOS.  S/N  is  a  required  minimum  ratio,  if  N  is  increased,  then  S  must  also  be  increased  to 


maintain  that  threshold.  The  threshold  value  is  chosen  high  enough  above  the  mean  noise  level  so  that  the  probability  of 
random  noise  peaks  exceeding  the  threshold,  and  causing  false  alarms,  is  acceptably  low. 


Figure  1.  Receiver  Noise  Power  at  Room  Temperature 
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rate  (PJ  to  be  no  more  than  10■^  then  we  can  see  that  S/N  must  be  12  dB  (see  Figure  2). 
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Slgnal-to-No)se  (S/N)  Ratio  -  ( dB ) 

Figure  2.  Nomograph  of  Signal-to-Noise  (S/N)  Ratio  as  a  Function  of  Probability  of  Detection  (PJ  and 

Probability  of  False  Alarm  Rate  (P  J 
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bandwidth  details  are  provided  on  pages  4-4.8,  4-7.5,  and  5-2.8  through  5-2.10. 
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TRADITIONAL  "RULE  OF  THUMB"  FOR  NARROW  BANDWIDTHS  (Radar  Receiver  AppUcations) 

Required  IF  Bandwidth  For  Matched  Filter  Applications: 

1  =•  Pre-detection  RF  or  IF  bandwidth 

=  Speckled  minimum  pulse  width  -  x 
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width,  (2)  Measurement  of  in-band,  but  mistimed  pulses,  and  (3)  Rejection  of  out-of-band  pulse  splatter. 


NOISE  FIGURE  /  FACTOR  (NF> 

Electrical  noise  is  defined  as  electrical  energy  of  random  amplitude,  phase,  and  frequency.  It  is  present  in  the 
output  of  every  radio  receiver.  At  the  frequencies  used  by  most  radars,  the  noise  is  generated  primarily  within  the  input 
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present  in  every  conductor.  The  amount  of  motion  is  proportional  to  the  conductor’s  temperature  above  absolute  zero. 
For  passive  lossy  networks,  the  noise  factor  equals  the  loss  value  for  the  passive  element: 

Where  L  =  Rado  Value  of  Attenuation 

NF  =  -  ““  =  -  =  L  i.e.  For  a  3dB  attenuator,  G=0.5  and  L=2 

^  -kTB  ••  NF  ^2  and  lOloglVF  =  3dB 
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Pi-B-amnlifier  Location  Affects  Receiver  Input  Noise 
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Amplifier  NF  value  from  page  table  on  5-2.11 


Using  equation  [3]  and  the  data  in  Tables  5a  and  5b,  the  noise  generated  by  the  RF  installation  is  shown  in  Tables 
6a  and  6b  (the  negligible  noise  contribution  from  the  antenna  is  the  same  in  both  cases  and  is  not  included)  (also  see  notes 
contained  in  Table  4): 


lo  use  me  receiver  s  nm  aynamic  range  tor  Dotn  ouecuons.  l neretore,  one  needs  to  balance  the  gam,  so  that  a  sign; 
applied  to  the  aft  antenna  will  reach  the  receiver  at  the  same  level  as  if  it  was  applied  to  the  forward  antenna. 
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Gain  Balanced  **  Noise  Balanced  ***  S/N  was  set  at  12  dB 


NTiAL  SENsrnvrrv 

Tangential  sensitivity  (TSS)  is  the  point  where  the 
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When  all  factors  effecting  system  sensitivity  are  considered,  the  designer  has  little  flexibility  in  the  choice  of 
receiver  parameters.  Rather,  the  performance  requirements  dictate  the  limit  of  sensitivity  which  can  be  implemented  by 
the  EW  receiver. 
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RECEIVER  TYPES  AND  CHARACTERISTICS 
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Table  1.  Comparison  of  Major  Features  of  Receivers 
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Table  2.  Receiver  Types  vs.  Signal  Types 
Receiver  Type 


sensitivity)  I  sensitivity) 


Table  3.  Direction  of  Arrival  Measurement  Techniques 
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Table  4.  Emitter  Location  Techniques 


Table  5.  Qualitative  Comparison  of  Receivers  From  NRL  Report  8737 
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Typical  Radar  modes  are  listed  below  in  the  general  functional  category  for  which  they  were  designed.  Not  all 
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Velocity  search  -  A  high  PRF  Pulse  Doppler  waveform  is  used  for  long  range  detection  primarily  against  nose 
aspect  targets,  giving  velocity  and  azimuth  information.  Although  velocity  search  can  work  against  tail-on  targets,  the 
Doppler  return  is  weaker,  consequently  the  maximum  detection  range  is  also  much  less.  When  the  target  is  in  the  beam 


(flying  perpendicular  to  the  fighter),  the  closure  (Doppler)  is  the  same  as  ground  return  and  target  return  is  almost  zero. 

Track  While  Scan  fTWSI  -  A  system  that  maintains  an  actual  track  on  several  aircraft  while  still  searching  for 
others.  Since  the  radar  is  sharing  it’s  computing  time  between  targets,  the  accuracy  is  less  precise  than  for  a  single  target 
track  (STT)  mode  of  operation. 

Raid  assessment  -  A  mode  in  which  the  radar  has  an  STT  on  a  single  target,  but  is  routinely  driven  off  by  a  small 


GENERAL  RADAR  DISPLAY  TYPES 
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recognized  by  the  computer  but  not  the  operator. 


SEARCH  AND  ACQUISITION  RADARS 
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been  used  at  one  time  or  another  -  including  meters  -  but  those  listed  here  are  the  most  common  in  use  today. 


Azimuth 


Common  Radar  Displays 
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Surface  radars  usually  have  tw'o.  One  aamuth/one  elevation  which  can  result  in  confusion  with  multiple 
targets. 


Azimuth  vs  elevation.  Displays  targets  within  selected  limits  of  az  and  el. 
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IDENTIFICATION  -  FRIEND  OR  FOE 
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A  cross-band  beacon  is  used,  which  simply  means  that  the  interrogation  pulses  are  at  one  frequency  and  the  reply  pulses 
are  at  a  different  frequency.  1030  MHz  and  1090  MHz  is  a  popular  frequency  pair  used  in  the  U.S. 
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Figure  1.  IFF  Transponder 


NOTES: 
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Two  tone  and  spurious  response  (single  signal)  receiver  tests  should  be  performed  on  EW  and  radar  receivers  to 
evaluate  their  spurious  free  dynamic  range.  A  receiver  should  have  three  ranges  of  performance:  (1)  protection  from 
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The  rest  of  this  section  explains  the  application  of  these  tests  and  uses  the  names  of  the  ori^al  MII^STD-461A 
tests  to  separate  the  tests  by  function. 


input  to  the  receiver  whenever  2.  Receiver  Test  Setup  When  Antenna  Is  Active 
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there  is  a  suspected  receiver  failure.  This  test  does  not  need  to  be  performed  in  an  EMI  shielded  room  and  is  more 
suitable  for  a  radar  or  EW  lab  where  the  desired  signals  are  readily  available.  If  the  receiver’s  antenna  is  active  or  cannot 
be  removed,  a  modified  test  as  shown  in  Figure  2  should  be  performed.  The  monitoring  antenna  which  is  connected  to 
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identification  problems  due  to  1)  lack  of  RF  discrimination,  2)  higher  order  mixing  problems,  3)  switch  or  adjacent 
channel/band  leakage,  and  4)  cases  where  the  absence  of  a  desired  signal  causes  the  receiver  to  search  and  be  more 
susceptible.  In  this  latter  case,  a  CS04  two  signal  test  could  pass  because  the  receiver  is  captured  by  the  desired  signal 
whereas  a  CS08  test  could  fail.  Examples  of  the  first  three  failures  are  as  follows: 
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PLE2 

A  receiver  measuring  the  carrier  frequency  of  each  pulse  (i.e.  instantaneous 
icy  measurement  (IFM))  and  the  PRI  is  used  for  this  example.  False  signal 


GHz,  then  only  the  low  level  2.5  GHz  signal  will  be  measured  and  Correct  Extraneous 

assumed  to  be  due  to  a  8.5  GHz  input  signal  whereas  the  input  is  really  UDF  Signal 

at  9.5  GHz.  Signal 

Figure  5.  Low  Side  Mbdng  Results 
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Figure  7.  High  Side  Mixing  Byproducts 


The  use  of  double  mbdng,  as  shown  in  Figure  8,  can  significantly  reduce  unwanted  signals  but  it  is  more  expensive. 
For  a  8  GHz  signal  in,  one  still  generates  a  2  GHz  IF  but  by  mbdng  up,  then  down,  unwanted  signals  are  not  generated 
or  significantly  suppressed. 


Figure  8.  Double  Mbdng 
5-7.7 


Some  of  these  problems  can  be  corrected  by  : 
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threshold  is  programmed  to  not  be  sensitive  this  will  negate  the  effectiveness  of  a  cross  coupling  test.  Mapping  the  UDF 
will  facilitate  applying  a  strong  signal  to  one  band  using  the  PRI  of  a  desired  signal  in  an  adjacent  band. 


CS08  TEST  PROCEDURE 
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(3)  Time  this  strong  RF  signal  outside  the  UDF  #1  range  and  record  any  RF  frequency  where  the  receive  light 
comes  on.  If  another  inband  UDF  has  the  same  PRI,  this  is  not  a  failure. 


(4)  This  test  is  performed  both  inband  and  out  of  band.  Out  of  band  tests  should  be  performed  on  the  high  end 
to  five  times  the  maximum  inband  frequency  or  20  GHz,  whichever  is  less,  and  on  the  low  end  to  IF/5  or  0.05  Fq,  whichever 
is  less,  unless  otherwise  specified.  The  out  of  band  power  level  is  + 10  dBm  peak  for  a  pulse  signal  or  -10  dBm  for  a  CW 
signal,  unless  otherwise  specified. 
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and  CW  signals,  this  test  is  performed  inband.  If  the  pulse  receiver  is  supposed  to  desensitize  in  order  to  only  process 
pulse  signals  above  the  CW  level,  then  only  this  limited  function  is  tested  inband  i.e.,  normally  the  levels  correspond,  if  a 
CW  signal  of  -20  dBm  is  present,  then  the  receiver  should  process  pulse  signals  greater  than  -20  dBm. 
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ecord  this  level  Pj.  The  interference  rejection 
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UDF  frequency  F^  since  Fj  -  (Fj-FJ  =  F^.  These  two  signals  are  raised  equally  to  strong  power  levels.  If  no  problem 
occurs,  the  C!W  signal  is  timed  to  the  upper  inband  limit  and  then  tuned  out  of  band.  A  similar  test  is  performed  below 
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off  individually  to  verify  that  the  failme  is  due  to  a  combination  of  the  two  signals  versus  (1)  a  single  signal  (CS08)  type 
failure  or  (2)  another  inband  UDF  value  has  been  matched.  If  the  failure  is  due  to  the  two  signal  operation,  then  the 
power  level  (Pj  and  P^)  of  Fj  and  Fj  should  be  recorded.  If  Pi=P2,  the  intermodulation  rejection  level  is  Pi-Po=Pim- 
If  Pii^Pj,  it  is  desirable  to  readjust  them  to  be  equal  when  the  receive  light  just  comes  on. 
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identified  directly. 


Figure  15.  Cross  Modulation  Example 
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(4)  As  shown  in  Figure  17,  the  strong  pulse  signal  of  step  2  is  turned  back  on  and  tuned  above  and  then  tuned 
below  Fl.  Out  of  band  tests  should  be  performed  to  the  maximum  RF  of  the  system  +  maximum  IF  or  20  GHz  whichever 
is  less  and  on  the  low  end  to  the  minimum  RF  of  the  system  minus  the  maximiun  IF,  unless  otherwise  specified. 
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MICROWAVE  /  RF  COMPONENTS 

Microwave  Waveguides  and  Coaxial  Cable 


MICROWAVE  WAVEGUIDES  and  COAXIAL  CABLE 
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in  waveguides  the  electric  and  magnetic  fields  are  confined  to  the  space  withm  the  guides.  Thus  no  power  is  lost  to 
radiation.  Since  the  guides  are  normally  filled  with  air,  dielectric  losses  are  negligible.  However,  there  is  some  PR  power 
lost  to  heat  in  the  walls  of  the  guides,  but  this  loss  is  usually  very  small. 


problems.  For  rectangular  guides  of  low  aspect  ratio  the  TEjo  mode  is  the  next  higher  order  mode  and  is  harmonically 
related  to  the  cutoff  frequency  of  the  TEm  mode.  It  is  this  relationship  together  with  attenuation  and  propagation 
considerations  that  determine  the  normal  operating  range  of  rectangular  waveguide. 
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Figure  4.  Attenuation  vs  Frequency  for  a  Variety  of  Waveguides  and  Cables 
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Table  1.  Rectangular  Waveguide  Specifications 


_  Table  2.  Double  Ridge  Rectangular  Waveguide  Specifications _ 

MIL-W-  Freq  Freq  Power  Insertion  Dimensions  (inches) 

Waveguide  23351  Material  Range  Cutoff  (at  1  Atm)  Loss 


WRD180  4-045  Alum  18.00  -  14.995  0.8  5  0.358  0.288  0.134  0.368  0.214  0.072  0.057 

D24  4-046  Brass  40.00  0.353 

_ 4-047  Copper _ 0.238 
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VOLTAGE  STANDING  WAVE  RATIO  (VSWR)  /  REFLECTION  COEFFICIENT 

RETURN  LOSS  /  MISMATCH  LOSS 
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having  a  better  antenna  VSWR.  Transmission  lines  should  have  their  insertion  loss  (attenuation)  measured  in  lieu  of 
VSWR,  but  VSWR  measurements  of  transmission  lines  are  still  important  because  connection  problems  usually  show  up 
as  VSWR  spikes. 
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For  high-frequency  operation,  the  average  circumference  of  a  coaxial  cable  must  be  limited  to  about  one 
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APC-7  (7mm)  -  The  APC-7  was  also  developed  by  HP,  but  has  been  improved  and  is  now  manufactured  by 
Amphenol.  The  connector  provides  a  coupling  mechanism  without  male  or  female  distinction  and  is  the  most 
repeatable  connecting  device  used  for  very  accurate  50  Q  measurement  applications.  Its  VSWR  is  extremely 
low  up  to  18  GHz.  Other  companies  have  7mm  series  available. 
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BNC  (OSB)  -  The  BNC  (Bayonet  Navy  Connector)  was  ori^ally  designed  for  military  system  applications 
during  World  Wm  H.  The  connector  operates  best  at  frequencies  up  to  about  4  GHz;  beyond  that  it  tends 
to  radiate  electromagnetic  energy.  The  BNC  can  accept  flexible  cables  with  diameters  of  up  to  6.35  mm  (0.25 
in.)  and  characteristic  impedance  of  50  to  75  Q.  It  is  now  the  most  commonly  used  connector  for  frequencies 
under  1  GHz. 
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10.  SMB  (OSMB)  -  The  SMB  is  like  the  SMC  except  it  uses  quick  disconnect  instead  of  threaded  fittings.  It  is 
a  50  /  75  £5  connector  which  operates  to  4  GHz  with  a  low  reflection  coefficient  and  is  useable  to  10  GHz. 
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SC  7mni  N  TNC/BNC  3.5mm  SMA  2.4mm  SSMA 
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Figure  1.  Microwave  Coaxial  connectors  (Continued) 
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POWER  DIVIDERS  AND  DIRECTIONAL  COUPLERS 
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could  operate  at  1  or  5  GHz  -  see  Figure  3).  However  it  should  be  recognized  that  the  coupled  response  is  periodic  with 
frequency.  For  example,  a  A./4  coupled  line  coupler  will  have  responses  at  dX/4  where  n  is  an  odd  integer. 


Common  properties  desired  for  all  directional  couplers  are  wide  operational  bandwidth,  high  directivity,  and  a  good 
impedance  match  at  all  ports  when  the  other  ports  are  terminated  in  matched  loads.  These  performance  characteristics  of 
hybrid  or  non-hybrid  directional  couplers  are  self-explanatory.  Some  other  general  characteristics  will  be  discussed  below. 
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Isolation  of  a  directional  coupler  can  be  defined  as  the  difference  in  signal  levels  in  dB  between  the  input  port  and 

the  isolated  port  when  the  two  output  ports  are  terminated  by  matched  loads,  or:  P. 

Isolation  (dB)  =  -10  log  — 
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isolation  measurement  (port  P2  to  port  P3)  determines  the 
amount  of  power  from  the  signal  generator  F2  that  will  be 
injected  into  the  signal  generator  F^.  As  the  injection  level 


The  hybrid  coupler,  or  3  dB  directional  coupler,  in  which  the  two  outputs  are  of  equal  amplitude  takes  many  forms. 
Not  too  long  ago  the  quadrature  (90  degree)  3  dB  coupler  with  outputs  90  degrees  out  of  phase  was  what  came  to  mind  when 
a  hybrid  coupler  was  mentioned.  Now  any  matched  4-port  with  isolated  arms  and  equal  power  division  is  called  a  hybrid  or 
hybrid  coupler.  Today  the  characterizing  feature  is  the  phase  difference  of  the  outputs.  If  90  degrees,  it  is  a  90  degree  hybrid. 
If  180  degrees,  it  is  a  180  degree  hybrid.  Even  the  Wilkinson  power  divider  which  has  0  degrees  phase  difference  is  actually 
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The  phase  difference  between  the  two  output  ports  of  a  hybrid  coupler  should  be  0, 90,  or  180  degrees  depending  on 
the  type  used.  However,  like  amplitude  balance,  the  phase  difference  is  sensitive  to  the  input  frequency  and  typically  will  vary 
a  few  degrees. 


The  phase  properties  of  a  90  degree  hybrid  coupler 
can  be  used  to  great  advantage  in  microwave  circuits.  For 
example  in  a  balanced  microwave  amplifier  the  two  input 


Ise  radar,  this  is  a  good  approach. 
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Figure  6.  Combiner  Network 


1  watt  peak  unmodulated  RF  carrier  signals  at  10  GHz  are  received,  how  much  peak  power  could  one  measure? 
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temperature  dependence 


The  variable  attenuator  can  be  subdivided  into  two  kinds:  step  attenuator  and  continuously  variable  attenuator.  In  a  step 
attenuator,  the  attenuation  is  changed  in  steps  such  as  10  dB,  1  dB  or  0.5  dB.  In  a  continuously  variable  attenuator,  the 
attenuation  is  changed  continuously  and  a  dial  is  usually  available  to  read  the  attenuation  either  directly  or  indirectly  from 
a  calibration  chart. 
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VSWR  of  a  non-reflective  (absorptive)  PIN  diode  attenuator  remains  good  at  any  attenuation  level  (bias  state). 
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jammer  and  antenna  vs  adjacent  to  either.  The  transmission  line  attenuation  improves  the  VSWR  of  the  fdter  at  the 
transmitter.  This  may  allow  use  of  a  less  expensive  filter,  or  use  of  a  reflective  filter  vs  an  absorptive  filter. 


o 


Figure  1.  Low-Pass  Filter 


A  high-pass  filter  which  passes  the  high  frequency  signals  above  a  predetermined  value  as  in  figure  2. 
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A  band  reject  filter  (sometimes  referred  to  as  a  bandstop  or  notch  filter)  which  rejects  signals  between  two 
predetermined  frequencies  such  as  high  power  signals  from  the  aircraft’s  own  radar  as  shown  in  Figure  4. 


In  general,  filters  at  microwave  frequencies  are  composed  of  resonate  transmission  lines  or  waveguide  cavities  fhai, 
when  combined,  reflect  the  signal  power  outside  the  filter  frequency  pass  band  and  provide  a  good  VSWR  and  low  loss 
within  the  frequency  pass  band.  As  such,  specifications  for  filters  are  maximum  fi'equency,  pass  band  loss,  VSWR,  and 


rejection  level  at  a  frequency  outside  of  the  pass  band.  The  trade-offs  for  filters  are  a  higher  rejection  for  a  fixed  frequency 
pass  band  or  a  larger  frequency  pass  band  for  a  fixed  rejection,  which  requires  a  filter  with  more  resonators,  which  produce 
higher  loss,  more  complexity,  and  larger  size. 


Figure  6.  Outside  DC  Block 
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the  terminals  of  components  once  the  component  is  installed  in  the  actual  system.  The  following  table  shows  common 
mismatches  with  the  impedance  that  can  provide  the  mismatch. 


u 

o 


Most  radars  or  communications  systems  have  a  dummy  load  integrated  into  them  to  provide  a  non-radiating 
EMCON  mode  of  operation,  or  for  testing  (maintenance). 
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Three  types  of  dissipative  material  are  frequently  employed  in  dummy  loads:  (1)  lossy  plastic,  (2)  refractory  and 
(3)  water. 

The  lossy  plastic  consists  of  pmticles  of  lossy  material  suspended  in  plastic  medium.  This  material  may  be  designed 
to  provide  various  attenuations  per  umt  length  but  is  limited  as  to  operating  temperature.  It  is  employed  primarily  for  low 
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CIRCULATORS  AND  DIPLEXERS 


Since  circulators  contain  magnets,  they  should  not  be  mounted  near  ferrous  metals 
since  the  close  proximity  of  metals  like  iron  can  change  the  frequency  response. 


Figure  6.  Low/High  Band  Configuration  Figure  7.  Alternate  Low/High  Band  Configuration 
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MIXERS  AND  FREQUENCY  DISCRIMINATORS 
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Table  1.  Mixer  Comparison 


Fair:  slightly  better 

Good:  can  reject  all  LO  even  harmonics 

Very  Good:  can  reject  all  LO  and  RF  even  harmonics 
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A  detector  is  used  in  receiver  circuits  to  recognize 
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Vq  mVi  and  since  P-V^/R,  Pj  o'  Vj  Figures.  Diode  Electrical  Characteristics 

Where  m  is  the  constant  of  proportionality 
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Another  type  of  detector  arrangement  is  the 


Figiure  5.  Log  Detector 


If  the  pulse  width  of  a  signal  was  specified  at  the  one-half  power  point,  the  measurements  of  the  detected  signal 
on  an  oscilloscope  would  vary  according  to  the  region  of  diode  operation.  If  the  region  of  operation  is  unknown,  a  3  dB 
attenuator  should  be  inserted  in  the  measurement  line.  This  will  cause  the  power  to  decrease  by  one-half.  That  point  on 
the  oscilloscope  becomes  the  measurement  point  for  the  pulse  width  when  the  external  3  dB  attenuator  is  removed. 
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MICROWAVE  MEASUREMENTS 
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Try  to  measwe  VSWR  (or  reflection  coefficient)  at  the  antenna  terminals.  Measuring  VSWR  of  an  antenna 
through  it’s  transmission  line  can  result  in  errors.  Transmission  lines  should  be  measured  for  insertion  loss  not  VSWR. 


High  Power  Pulsed  Transmitter  Measurements 


O 

O 

bO 


•ti 


I 

'O 

s 

a 


o 

p 

1 


o  O 


2  S 


1 

Eb 

•T3 

I 


P 

.s' 

(5 

ts 

a 

i 

Oi 

o 

.p 


4> 

O 

o 

Q 

1 

CO 

J3 


s  ^ 

fe  o 

<2 

*^1 

>  aSr 

ja  a 


& 


;i 


a; 

•a 


NO 


o 


a  ^ 

o 


b  ^ 

W3  ^  O 

w  p  ' 
o  • 

d  ^  is 

S  P, 

d 


o 


I 


roi-9 


rH  Tt  00  O  'O  Os 


S  Pi 


t~-  t"  r~ 


«s 

I 


Vi 

U 


Ed 


>4  (1,  u 


Laser  Safety 


ELECTRO-OPTICS 
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IS  eminea  irom  a  very  noi  Doay  ana  is  aeteciea  by  an  energy  measuring  device  such  as  a  super-cooled  bolometer  is  called  IR 
radiation.  However,  radiation  of  the  same  wavelength  (or  300  gigahertz)  which  is  generated  by  an  electric  discharge  and  is 
detected  by  a  bolometer  in  a  waveguide  is  called  microwave  radiation. 
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Figure  1.  Electromagnetic  Radiation  Spectrum 


Older  texts  may  refer  to  the  terms  near,  middle,  far,  and  far-far  IR,  the  frequency  limits  of  which  differ  from  the  newer 
divisions  shown  below.  Notice  that  the  preferred  terminology  no  longer  uses  the  term  "middle  IR". 


0.3  /an  0.4  /im  0.5  ttm  0.6  tan  0.7  /an  Oa  Aim 

Figure  2.  Optical  Spectrum 


The  common  terms  used  to  describe  optical  radiation  are  the  source  parameters  of  power,  radiant  emittj^ncc  (older 
term)  or  radiant  exitance  (newer  term),  radiance,  and  radiant  intensity.  They  refer  to  how  much  radiation  is  given  off  by  a 
body.  The  parameter  measured  by  the  detector  (or  collecting  object/surface)  is  the  irradiance.  Any  of  these  quantities  can 
be  e3q)ressed  per  unit  wavelength  in  which  case  the  subscript  is  changed  from  e  (meaning  energy  derived  units)  to  X  and  the 
term  is  then  called  "Spectral ..  JC...",  i.e.  is  radiant  intensity,  while  is  spectral  radiant  intensity.  These  quantities  in  terms 


In  common  usage,  irradiance  is  expressed  in  units  of  watts  per  square  centimeter  and  wavelengths  are  in  instead  of 
nanometers  (nm).  These  previously  accepted  units  and  the  formerly  used  symbols  are  known  as  the  Working  Group  on 
Infrared  Backgroimd  (WGIRB)  units,  and  are  shown  in  Table  2.  The  radiant  intensity  is  in  watts  per  steradian  in  both 

Table!.  Older  WGIRB  Radiometric  Units. 


Table  3.  Other  Radiometric  Definitions 


Figure  3.  Radiation  Incident  on  a  Body 


ay  be  partly  due  to  difficulty  in  visualization  and  partly  due  to  steradian  being  apparently  a  dimensionless  imit  (which  is  in 
«lf  a  contradiction).  Three  solid  angles  are  easy  to  \isualize  -  these  are  the  sphere,  the  hemisphere,  and  the  comer  of  a  cube 


in  nm  or  angstroms.  Table  4  lists  conversion  factors  for 

converting  from  one  unit  of  wavelength  to  another.  _ 

The  conversion  is  from  column  to  row.  For  example,  to  Figure  4.  Steradian  Visualization 
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Table  6  displays  conversion  factors  for  commonly  used  illuminance  quantities. 

Table  6.  Illuminance  Conversion  Units 


Figure  5.  Generalized  Detection  Problem 
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For  example,  given  that  T=568°K,  then  A.„  =  5.1m  as  verified  by  examining  Figure  6. 


2000."K/  1727*C/3141"F 


Accordii^  to  the  Stefan-Boltzmann  law,  the  total  radiant  emittance  of  a  blackbody  is  proportional  to  the  fourth  power 
of  the  temperature: 


Figure  7.  Blackbody  Radiation  Patterns 


The  interrelationship  of  the  various  quantities  that  describe  source  and  received  radiation  in  a  vacuum  are: 
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JET  ENGINE  (900°  k)  MISSILE  PLUME  (1100°  -  1700°K) 


NOTE:  These  charts  show  relative  not  absolute  radiant  intensity  of  each  signature. 
Consequently  the  "amplitude"  of  one  cannot  be  compared  with  the  "amplitude"  of  another. 
Figure  8.  Spectral  Distribution  of  Various  Targets 


ATMOSPHERIC  TRANSMISSION 
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ATTENUATION  OF  EM  WAVES  BY  THE  ATMOSPHERE 
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Figure  9.  Atmospheric  Transmission  Over  1 NM  Sea  Level  Path 
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A  detector  is  a  transducer  which  transforms  electromagnetic  radiation  into 


Internal  photoefEects  of  interest  are  the  photoconductive  effect  and  the  photovoltaic  effect.  In  the  photoconductive 
effect,  absorbed  photons  cause  an  increase  in  the  conductivity  of  a  semiconductor.  The  change  is  detected  as  a  decrease  in 
the  resistance  in  an  electrical  circuit.  In  the  photovoltaic  effect,  absorbed  photons  excite  electrons  to  produce  a  small  potential 


difference  across  a  p-n  junction  in  the  semiconductor.  The  photovoltage  thus  produced  may  be  amplified  by  suitable 
electronics  and  measured  directly. 

The  pyroelectric  effect  is  a  thermal  effect  that  is  applicable  to  EW  systems.  The  pyroelectric  effect  is  a  rhangf*  in 
polarization  in  a  crystal  due  to  changes  in  temperature.  Radiation  falling  on  such  a  crystal  is  detected  by  observing  the  change 
in  polarization  as  a  build  up  of  surface  charge  due  to  local  heating.  When  coated  with  a  good  black  absorber,  the  crystal  will 

1 _ _ ‘a? _ _ _ •  J_  i_  _  .  a  1 
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The  photoelectrons  from  the  cathode  are  accelerated  and  focused  onto  the  first  dynode.  Secondary  electrons  from 
the  first  dynode  are  accelerated  and  focused  onto  the  second  dynode,  which  emits  more  secondaries.  This  process  is  continued 
through  from  4  to  16  stages  in  commercial  tubes.  Current  gains  of  10  million  can  be  obtained  with  16  stages.  Typical  response 


Figure  13.  Multiplier  Phototubes 


Photoconductive  detectors  consist  of  a  body  of  semiconductor  -  single  or  arrays-  having  electrodes  attached  to 
opposite  ends.  In  operation  they  are  used  in  electronic  circuits  as  resistors  whose  resistance  depends  on  the  radiation  upon 
the  sensitive  surface.  Typical  cooled  and  uncooled  configurations  are  shown  in  Figure  14. 


ZZl-L 


Photovoltaic  detector  configurations  are  shown  in  Figure  15.  Photoconductive  and  photovoltaic  detectors  in  EW 
systems  are  usually  operated  cooled  for  greater  sensitivity.  N-type  material  contains  a  large  number  of  excess  electrons  and 
few  “holes”,  while  P-type  material  contains  few  electrons  and  many  holes. 


Figure  15.  Photovoltaic  Detector  Configurations 


Diode  phototubes  and  photomultipliers  are  commonly  used  detectors  for  UV  systems.  The  typical  IR  system  uses 
arrays  of  photoconductive  or  photovoltaic  detectors.  Many  state-of-the-art  IR  systems  use  what  is  known  as  focal  plane  arrays. 
The  advantage  of  focal  plane  detectors  is  the  ability  to  integrate  processing  electronics  elements  right  on  the  same  chip  as  the 
detector  elements.  Most  visible  band  systems  of  interest  are  televisions.  An  example  of  a  typical  television  camera  tube  is 


fVl-L 


Another  type  of  camera  tube  is  the  image  orthicon  which  uses  a  photoemissive  sensitive  element  (Figure  17).  Small, 
light  weight  television  cameras  can  now  be  made  using  charge-coupled  device  (CCD)  or  charge-injection  device  (CID) 
technology.  CCD  cameras  are  the  basis  of  the  popular  hand-held  camcorders. _ 


Figure  17.  Image  Orthicon 


The  most  common  detectors  used  in  surface-to-air  and  air-to-air  missile  seekers  use  compounds  which  include: 
Cadmium  Sulfide  -  CdS  Lead  Selenide  -  PbSe 

Gallium  Arsenide  -  GaAs  Lead  Sulfide  -  PbS 

Indium  Antimonide  -  InSb 

Other  known  detector  material  includes: 
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Besides  the  NEI  mentioned  above,  the  quantum  efficiency  of  the  photocathode  is  also  a  figure  of  merit  for 
photoemissive  devices.  Quantum  effidency  is  expressed  as  a  percent  --  the  ratio  of  the  number  of  photoelectrons  emitted  per 
quantum  of  received  energy  expressed  as  a  percent.  A  quantum  efficiency  of  100  percent  means  that  one  photoelectron  is 
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WAVELENGTH  -  Micrometers 
Figure  19.  Spectral  Lines  /  Ranges  of  Available  Lasers 


Figure  21.  Gas  Laser 


Many  gas  lasers  use  carbon  dioxide  as  the  lasing  medium  (actually  a  mixture  of  CO2  and  other  gases).  These  are  the 
basis  for  most  high  energy  or  high  power  lasers.  The  first  gas  laser  was  an  optically  pumped  CW  helium-neon  laser.  The 
common  laser  pointer  is  a  helium-neon  laser  operating  at  0.6328  ^m.  The  lasmg  medium  is  a  mfacture  of  helium  and  neon  gas 
in  a  gas  discharge  or  plasma  tube  as  shown  in  Figure  22. 


Figure  22.  Helium-Neon  Laser 


Q-switd^  is  a  means  of  obtaining  short  intense  pulses  from  lasers.  The  Q-switch  inhibits  lasing  until  a  very  large 
inverted  population  builds  up.  The  switch  can  be  active  or  passive.  A  passive  Q-switch  switches  at  a  predetermined  level. 
An  active  Q-switch  is  controlled  by  external  timing  circuits  or  mechamcal  motion.  The  switch  is  placed  between  the  rod  (or 
lasing  medium)  and  the  100  percent  mirror.  Figure  24  shows  an  arrangement  using  a  Pockels  cell  as  an  active  Q-switch. 
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Fiber  optic  cables  are  the  optical  analogue  of  RF  waveguides.  Transmission  of  radiation  through  an  optical  fiber  is 
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from  the  detector  before  further  handling  or  processing.  The  system  electronics  consist  of  amplifiers,  signal  processors, 
system  controls.  The  output  unit  consists  of  indicators  or  displays. 


Windows /Domes 

For  most  applications  of  EO  systems  in  EW  the  detection  system  is  protected  from  the  environment  by  a  window  or 
dome  of  optically  transmissive  material.  The  window  operates  both  as  a  weather  seal  and,  in  some  cases,  helps  to  define  the 
spectral  response  region  of  the  system.  The  transmission  bands  of  a  representative  sample  of  window  materials  is  shown  in 
Figure  25.  The  end  points  ^ven  are  for  the  10  percent  transmission  wavelengths.  Not  shown  in  Figure  25  are  the  various  UV 
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Lithium  Floride 


7-1.40 


Figure  26.  Serial  Scan  FLIR 
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Every  Navy  command  which  uses  lasers  must  have  a  Laser  System  Safety  Officer  (LSSO).  There  are  two 
categories  of  LSSOs,  and  each  command  should  determine  which  type  is  appropriate  considering  their  mission,  types  of 
lasers  being  used,  and  size  of  the  laser  safety  progrcun. 


The  CAT  I LSSO  must  attend  formal  training  at  Naval  Safety  School.  They  are  qualified  to  (a)  Calculate  and/or 
measure  laser  safety  parameters,  such  as  Nominal  Ocular  Hazard  Distance  (NOHD),  and  required  optical  densities  for 
laser  eye  wear,  (b)  Train  CAT  II  LSSO’s,  (c)  Conduct  hazard  surveys,  (d)  Classify  lasers  and  laser  systems,  and 
(e)  Conduct  laser  incident  investigations,  and  (Q  Perform  all  the  tasks  of  a  CAT  II  LSSO. 
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Figure  1.  Laser  Hazard  Distances 
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AIRCRAFT  DYNAMICS  CONSIDERATIONS 

Free  Fall  /  Aircraft  Drag . 
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FREE  FALL  /  AIRCRAFT  DRAG 
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,  the  familiar  constant  acceleration  due  to  gravity. 
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SAMPLE  CALCULATIONS: 
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what  his  aircraft  range  and  best  range  (or  endurance)  speed  will  be. 


lER  and  AIRSPEED  vs  ALTITUDE 
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L\S  (or  CAS)  is  important  in  that  aircraft  dynamics  (such  as  stall  speed)  responds  largely  to  this  quantity.  TAS  is 
important  for  use  in  navigation  (True  airspeed  ±  windspeed  =  groundspeed). 
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miE  AIRSPEED 


TRUE  MACH  NUMBER  -  M 

Figure  1.  TAS  and  CAS  Relationship  with  Varying  Altitude  and  Temperature 


TRUE  AIRSPEED  -  KNOIS 
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Figure  2.  TAS  and  CAS  Relationship  with  Varying  Altitude  and  Temperature  (Continued) 
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Figure  3.  Mach  Number  vs  TAS  Variation  with  Altitude 


The  following  is  a  derivation  of  equation  [2]  for  the  speed  of  sound: 

Given:  p  =  pressure  (Ib/ft*)  T  =  absolute  temperature  (“Rankine)  =  ‘F  +  459.7 

V  =  specific  volume  (tf /lb)  w  =  specific  weight  (Ib/tf )  =  1/v 

R  =  a  constant  (for  air:  R  =  53.3)  p  =  density  =  w/g  =  1/gv  .•.  v  =  1/gp 

From  Boyle’s  law  of  gasses:  pv  =  RT  ,  therefore  we  have:  p/p  =  gRT  =  (32.2)(53.3)T  =  1718  T 
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A  useful  function  is  to  determine  how  many  "G’s"  an  aircraft  might  require  to  Table  1.  G  vs  Angle  of  Bank 
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Figure  1.  Aircraft  Turn  Rate  /  Radius  vs  Speed 


The  exact  formulas  to  use  are: 


Figure  2.  Maneuvering  Aircraft 


An  aircraft  flying  in  the  vicinity  of  an  electromagnetic  pulse  (EMP)  acts  like  a  receiving  antenna  and  picks  up  EMP 
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Electronic  Siurveillance  Q  Special  mission  and  Landing  (V/STOL) 

Fighter  R  Reconnaissance  X  Experimental 

Helicopter  S  Anti  Sub/Ship  Y  Prototype 


Table  1.  AIRCRAFT  DIMENSIONS  AND  EQUIVALENT  ANTENNA  APERTURE 


Table  1.  (Continued) 
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MIL-STD-1553  &  1773  Data  Bus 
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laboratories  to  test  equipment  Figure  1.  Awonics  Block  Diagram 
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BUS  CONTROLLER:  The  terminal  assigned  the  task  of  initiating  information  transfers  on  the  data  bus. 
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IEEE  (Institute  of  Electrical  and  Electronic  Engineers):  An  international  professional  society  that  issues  its  own  standards 
and  is  a  member  of  ANSI  and  ISO. 


frequency  band  into  narrower  bands  (frequency  division)  or  by  aUotting  a  common  channel  to  several  different  transmitting 
devices  one  at  a  time  (time  division). 


NETWORK:  An  interconnected  group  of  nodes;  a  series  of  points,  nodes,  or  stations  connected  by  communications 
channels;  the  assembly  of  equipment  toough  which  connections  are  made  between  data  stations. 
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PHASE  MODULATION:  One  of  three  ways  of  modifjing  a  sine  wave  signal  to  make  it  "carry"  information.  The  sine  wave 
or  "carrier"  has  its  phase  changed  in  accordance  with  the  information  to  be  transmitted. 
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greatly  affect  the  transmission  line  operation.  In  this  case,  a  network  is  employed  in  the  stub  line  to  provide  isolation  from 
the  fault.  These  networks  are  also  used  for  stubs  that  are  of  such  length  that  the  mismatch  and  reflection  degrades  bus 
operation.  The  preferred  method  of  stubbing  is  to  use  transformer  coupled  stubs.  The  method  provides  the  benefits  of 


ori-6 


RS-232  INTERFACE 
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if  both  devices  use  the  suggested  connector,  they  may  be  able  to  be  connected.  Compliance  to  RS-232  does  not  imply  that 
the  devices  will  be  able  to  communicate  or  even  acknowledge  each  other’s  presence. 


RS-232  interface 
Ground 


Figure  1.  Direct-to-computer  RS-232  Interface 
9-22 


DTR  This  signal  line  is  asserted  by  the  GPIB-232CV  to  signal  that  it  has  been  powered  on,  and  is  ready 

Data  Terminal  Ready  to  operate. 


Table  2.  RS-232C  Interface  Signals. 

Pin  Description _  Pin  Descriptiott _ _ ^  Pin  Pefet^kw _ 

1  Protective  Ground  10  (Reserved  for  Data  Set  Testing)  19  Secondary  Request  to  Send 

2  Transmitted  Data  11  Unassigned  20  Data  Terminal  Ready 

3  Received  Data  12  Sec.  Rec’d.  Line  Sig.  Detector  21  Signal  Quality  Detector 
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Table  3,  summarizes  the  functional  specifications  of  the  most  important  circuits. 


Table  3.  RS-232-C  Circuit  Definitions 

e 

1 

Data  generated  by  DTE 

Data  Received  by  DTE 

Qocking  signal,  transitions  to  ON  and  OFF  occur  at  center  of  eacl 
Qocking  signal,  as  above;  both  leads  relate  to  signals  on  BA 
aoeking  signal,  as  above,  for  circuit  BB 

DTE  wishes  to  transmit 

DCE  is  ready  to  transmit;  response  to  request  to  send 

DCE  is  ready  to  operate 

DTE  is  ready  to  cerate 

Indicates  that  DCE  is  receiving  a  ringing  signal  on  the  communicat 
Indicates  that  DCE  is  receiving  a  carrier  signal 

Asserted  when  there  is  reason  to  believe  there  is  an  error  in  the  re 
Asserted  to  select  the  higher  of  two  possible  data  rates 

Asserted  to  select  the  higher  of  two  possible  data  rates 

Direction 

tCK 

DCE 

DTE 

DCE 

DTE 

DTE 

QQQQQOQQQ 

u 

S 

Data  Signals 

Transmitted  Data  (BA) 

Received  Data  (BB) 

Timing  signals 

Transmitter  Signal  Element  Timing  (DA) 
Transmitter  Signal  Element  Timing  ^B) 
Receiver  Signal  Element  Timing  (DD) 

Control  Signals 

Request  to  Send  (CA) 

Qear  to  Send  (CB) 

Data  Set  Ready  (CC) 

Data  Terminal  Ready  (CD) 

Ring  Indicator  (CE) 

Carrier  Detect  (CF) 

Signal  Quality  Detector  (CG) 

Data  Signal  Rate  Selector  (CH) 

Data  Signal  Rate  Selector  (Cl) 

Ground  I 

Protective  Ground  (AA)  NA  Attached  to  machine  frame  and  possibly  external  grounds 

Signal  Ground  (AB) _  NA  Establishes  common  ground  reference  for  all  circuits 


Ranpe:  The  RS-232-C  standard  specifies  that  the  manmum  length  of  cable  between  the  transmitter  and  receiver  should 
not  exceed  100  feet,  Although  in  practice  many  systems  are  used  in  which  the  distance  between  transmitter  and  receiver 
exceeds  this  rather  low  figure.  The  limited  range  of  the  RS-232C  standard  is  one  of  its  major  shortcomings  compared 
with  other  standards  which  offer  greater  ranges  within  their  spedfications.  One  reason  why  the  range  of  the  RS-232C 
standard  is  limited  is  the  need  to  charge  and  discharge  the  capacitance  of  the  cable  connecting  the  transmitter  and  receiver. 
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As  a  result,  establishing  an  RS-232  connection  between  two  DTEs  is  frequently  a  difficult  tasi 


RS-422  BALANCED  VOLTAGE  INTERFACE 
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Applications  of  the  balanced  voltage  digital  interface  circuit  are  shown  in  figure  1. 


Figure  1.  Applications  of  a  RS-422  Circuit 
9-32 


While  a  restriction  on  maximum  cable  length  is  not  specifled,  guidelines  are  given  later  with  respect  to  conservative 
operating  distances  as  function  of  data  signalling  rate. 
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Figure  2.  Balanced  Digital  Interface  Circuit 
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Interconnecting  Cable  Guidelines: 
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MIL-Sn)-188C,  or  CCITT  (Comite  Consultatif  Internationale  Telegraphique  et  Telephonique),  recommendations  V.28 
and  V.35.  Under  certain  conditions,  the  above  interfaces  may  be  possible  but  may  require  modification  of  the  interface 
or  equipment;  therefore  satisfactory  operation  is  not  assured  and  ad^tional  provisions  not  specified  herein  may  be  required. 


sjejew  -  H10N31  aiaVO 
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General  System  Configuration:  The  generators  and  receivers  conforming  to  the  RS-485  standard  can  operate  with  a 
common  mode  voltage  between  -7  volts  and  +7  volts  (  instantaneous  ).  The  common  mode  voltage  is  defined  to  be  any 
uncompiinsated  combination  of  generator-receiver  ground  potential  difference  and  longitudinally  coupled  peak  noise  voltage 


9-4J 


Balanced  Interconnecting 
Cable  Pair 


Figure  2.  Grounding  Arrangements 
9-43 


In  certain  instances,  it  may  be  possible  to  produce  generators  and  receivers  that  meet  the  requirements  of  both 
RS-422-A  and  of  RS-485.  Table  1  depicts  the  differences  in  parameter  specifications  which  exist  between  the  two 
documents. 
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IEEE-488  INTERFACE  BUS  (HP-IB/GP-IB) 
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eight  additional  for  shielding  and  grounds. 


Figure  1.  IEEE-488  (HP-IB/GP-IB)  Bus  Configuration 
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The  GP-IB  defines  operation  of  a  three-wire  handshake  that  is  used  for  all  data  transfers  on  the  bus.  The  bus 
operation  is  asynchronous  in  nature.  The  data-transfer  rate  of  the  GP-IB  is  500  kHz  for  standard  applications  and  can  go 
up  1  MHz  if  special  conventions  are  followed.  Each  transaction  carries  8  bits,  the  maximum  data  bandwidth  is  on  the 


Figure  2.  GP-IB  Instrumentation  Bus  Structure 


The  cabling  limitations  make  it  a  less-than-ideal  choice  for  large  separation  between  devices.  These  limitations 
can  be  overcome  with  bus  extenders.  Those  attempting  to  use  bus  extenders  should  be  aware  that  few  extenders  are  as 
transparent  as  claimed.  This  is  especially  true  in  handling  of  continuous  data  and  interrupts.  In  nonextended  environments, 
it  provides  an  excellent  means  for  high-speed  computer  control  of  multiple  devices. 
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The  cabling  specifications  of  the  GP-IB  interface  system  permit  interconnecting  all  devices  together  in  a  star  or 
linear  configuration.  The  GP-IB  connector  is  a  24-pin  ribbon-type  connector. 

In  summary,  Table  2  on  this  page  and  the  next  shows  the  complete  description  of  the  GP-IB  data  bus. 
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in  its  use.  Hardware  and  software  had  to  be  redesigned  for  each  new  application.  The  primary  goal  of  the  1553B  was  to 
provide  flejdbility  without  creating  new  designs  for  each  new  user.  This  was  accomplished  by  specifying  the  electrical 
interfaces  explicitly  so  that  compatibility  between  designs  by  different  manufacturers  could  be  electrically  interchangeable. 


The  Department  of  Defense  chose  multiplenng  because  of  the  following  advantages: 

•  Weight  reduction 

•  Simplicity 

•  Standardization 
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There  are  only  three  functional  modes  of  terminals  allowed  on  the  data  bus:  the  bus  controller,  the  bus  monitor 
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Bus  Controller  -  The  bus  controller  (BC)  is  the  terminal  that  initiates  information  transfers  on  the  data  bus. 
It  sends  commands  to  the  remote  terminals  which  reply  with  a  response.  The  bus  will  support  multiple 
controllers,  but  only  one  may  be  active  at  a  time.  Other  requirements,  according  to  1553,  are:  (1)  it  is  "the 
key  part  of  the  data  bus  system,"  and  (2)  "the  sole  control  of  information  transmission  on  the  bus  shall  reside 
with  the  bus  controller." 
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A  transition  through  zero  occurs  at  the  midpoint  of  each  bit,  whether  the  rate  is  a  logic  one  or  a  logic  zero.  Figure 
2  compares  a  commonly  used  Non  Return  to  2^ro  (NRZ)  code  with  the  Manchester  II  biphase  level  code,  in  conjunction 
with  a  1  MHz  clock. 


Figure  2.  Data  Encoding 
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Figure  3.  1553  Word  Formats 


5  bit  address  of  the  responding  RT 
11  bit  status  field 
1  parity  check  bit. 


A  status  word  is  transmitted  by  the  RT  in  response  to  the  BC  command  if  the  transmission  is  received  without  error  and 
is  not  illegal. 


Figure  4.  1553  Data  Message  Formats 
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Figure  5  illustrates  the  1553B  Bus  Architecture  iu  a  typical  aircraft. 


Figure  5.  Typical  Bus  Architecture 


MIL-STD-1773  contains  the  requirements  for  utilhdng  a  fiber  optic  "cabling"  system  as  a  transmission  medium  for 
the  MIL-STD-1553B  bus  protocol.  As  such,  the  standard  repeats  MIL-STD-1553  nearly  word-for-word.  The  standard  does 
not  specify  power  levels,  noise  levels,  spectral  characteristics,  optical  wavelength,  electrical/optical  isolation  or  means  of 
distributing  optical  power.  These  must  be  contained  in  separate  specifications  for  each  intended  use. 
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GLOSSARY . 10-1 


GLOSSARY . 10-1 


GLOSSARY 

-  The  allowable  reduction  in  system  performance.  For  a  fire  control  radar, 
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AMPLIFIER  -  An  electronic  device  used  to  increase  signal  magnitude  or  power.  See  also  GaAs  FET  Amplifier 
Klystron  Amplifier,  Traveling-Wave  Tube  Amplifier. 
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AMPLITUDE  MODULATION  (AM^  -  A  method  of  impressing  a  message  upon  a  carrier  signal  by  causing  the 
carrier  amplitude  to  vary  proportionally  to  the  message  waveform. 

AMPLl'I'UDE  SHIFT  KEYING  (ASK^  -  A  method  of  impressing  a  digital  signal  upon  a  carrier  signal  by  causing 
the  carrier  amplitude  to  take  different  values  corresponding  to  the  different  values  of  the  digital  signal 

ANGLE  JAMMING  -  ECM  technique,  when  azimuth  and  elevation  information  from  a  scanning  fire  control  radar 


Ratio  of  power  received  by  one  antenna  to  power  transmitted  by  the  other,  usually  expressed  in  decibels. 


ANTENNA  ISOLATION  -  The  ratio  of  the  power  mput  to  one  antenna  to  the  power  received  by  the  other.  It 
can  also  be  viewed  as  the  insertion  loss  from  transmit  antenna  input  to  receive  antenna  output  to  circuitry. 
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ANTENNA.  PENCIL-BEAM  -  A  highly  directional  antenna 
designed  that  cross  sections  of  the  major  lobe  are  approximately 
circular,  with  a  narrow  beamwidth. 


ANTI-CLUTTER  CIRCUITS  TIN  RADAR’>  -  Circuits  which  attenuate  undesired  reflections  to  permit  detection 
of  targets  otherwise  obscured  by  such  reflections. 
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BACKWARD  WAVE  OSCILLATOR  (BWO^  -  A  cross-field  device  in  which  an  electron  stream  interacts  with 
a  backward  wave  on  a  nonreentrant  circuit.  This  oscillator  may  be  electronically  tuned  over  a  wide  range  of  frequencies, 
is  relatively  unaffected  by  load  variations  and  is  stable,  BWO  is  commonly  pronoimced  "be  woe". 


BANDWIDTH  -  An  expression  used  to  define  the  actual  operational  frequency  range  of  a  receiver  when  it  is  tuned 
to  a  certain  frequency.  For  a  radar  receiver,  it  is  the  difference  between  the  two  frequencies  at  which  the  receiver  response 
is  reduced  to  some  fraction  of  its  maximum  response  (such  as  3  dB,  6  dB,  or  some  other  specified  level).  The  frequencies 
between  which  "satisfactory"  performance  is  achieved.  Two  equations  are  used: 
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See  Lobe,  antenna.  The  beam  is  to  the  side  of  an  aircraft  or  ship. 
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BLANKING  -  The  process  of  making  a  channel,  or  device  non-effective  for  a  certain  interval.  Used  for  retrace 
sweeps  on  CRTs  or  to  mask  unwanted  signals  such  as  blanking  ones  own  radar  from  the  onboard  RWR. 


BURN-THROUGH  RANGE  -  The  ability  of  a  radar  to  see  throxjgh  jamming.  Usually,  described  as  the  point 
when  the  radar’s  target  return  is  a  specified  amount  stronger  than  the  jamming  signal,  (typical  values  are  6dB  manual  and 
20  dB  automatic).  See  Section  4-8. 
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CHANNEL  -  A  frequency  or  band  of  frequencies.  In  guided  missile  systems,  an  assigned  center  frequency  and 
a  fixed  bandwidth  around  it.  Designates  operating  frequency  of  track  radars  and  frequency/code  assignments  of  X-band 
CW  illuminators. 


CHIRP  -  A  pulse  compression  technique  which  uses  frequency  modulation  (usually  linear)  on  pulse  transmission. 


ori-oi 


COLLIMATION  -  The  procedure  of  aligning  fire  control  radar  system  antenna  axes  with  optical  line  of  sight, 
thereby  ensuring  that  the  radars  will  provide  for  correct  target  illumination  and  guidance  beam  positioning. 
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or  negative  (no  main  beam  interactions). 
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-  See  Decibel,  or  Decibel  section  2-4. 

:  -  Decibels  referenced  to  the  carrier  s 


DETECl  lON  -  Usually  refers  to  the  technique  of 
recovering  the  amplitude  modulation  signal  (envelope) 
superimposed  on  a  ciurier.  See  figure  at  ri^t. 
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offers  multioctave  bandwidth  in  the  all  shunt  diode  configuration,  while  the  non-reflective  switch  offers  an  octave  bandwidth. 


DIPLEX  -  The  simultaneous  transmission  or  reception  of  two  signals  using  a  common  feature  such  as  a  single. 
anteima  or  carrier.  Typically,  two  transmitters  operate  alternately  at  approximately  the  same  RF  and  using  a  common 
antenna.  See  section  6-7  for  a  discussion  of  diplexers. 


s  ^  t 

O  ^  VO 

•S  -S  ,<2  e 


b  .w 

*o3 


o 


2  H 


go  S 

'M  u 


'.s 


ks 


.S2 

U 

'Ji 

a.  9 


O  A 


.2  « 


O  I/} 

U  S 


eS 


a 


I-'S  „ 

tj  2 

Sl.b  73 

2. 


received  from  a  target  approaching  the  radar  site  to  the  transmitted  reference  signal.  An  apparent  frequency  decrease 
would  be  noted  for  targets  departing  the  radar  location.  Differences  can  be  calibrated  to  provide  target  range-rate  data. 
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[nterpulse  Period,  T  =  PRI  =  1/PRF  =  500  /rsec 


’’"•yCytte  -  -  5*^^"  0.0006  (or  0.06%)  or  Duty  Cyde  m  dB  .  101og(Duty  uyde)  -  -3Z2dB 
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EME  (ET -F.CTROMAGNETIC  ENVIRONMENT'^  -  The  total  electromagnetic  energy  in  the  RF  spectrum  that 
exists  at  any  ^ven  location. 


EMI  (ELECTROMAGNETIC  INTERFERENCES  -  Any  induced,  radiated,  or  conducted  electrical  emission, 
disturbance,  or  transient  that  causes  undesirable  responses,  degradation  in  performance,  or  malfunctions  of  any  electrical 
or  electronic  equipment,  device,  or  system.  Also  synonymously  referred  to  as  RFI  (Radio  Frequency  Interference). 


I 

I 

^  I 

2| 
«  w 
.S 

o  ^ 

6*a 


III  I 

S' O  o  W 
<1%  *0  . 


o 

o 

o 


a 

o 

im 

15 

a 

o 

ja 

u 

I 


<9 

cu 

a 

CQ 

u 

O 

8 

■g 

I 

I 

oil 

u 


w.a 

a  o  I,  ^ 

gB 


-i'l 


”  a 


a 


^  ^  “ 


a  « 

u-S  ^ 

al  § 


w  d 

a  s| 
2^0 
§  “  S 

OJ  G 


a> 


a  2  “ 


o 

55 


Pi 


^  P- 

3 


U  XI 


o  M 

-w 


& 

■imi 

I 


u 

s 

ja 


o 

.*1 

«4-l 

•o 

u 

tA 

t/1 

o 

b 


o 

X 


u 

I 

a 

o 


o 

ua 

ua 

O 

u 


10-1.18 


-  An  aircraft,  ship,  or  vehicle  especially  equipped  for  the  detection,  location,  recording,  and  analyang 


band  of  frequencies  over  which  the  device  may  be  considered  useful  with  various  circuit  and  operating  conditions;  (3)  of 
a  transmission  system,  the  frequency  band  in  which  the  system  is  able  to  transmit  power  without  attenuating  or  distorting 
it  more  than  a  specified  amount. 
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GCI  (GROUND-CONTROLLED  IN  TERCEPTS  -  vectoring  an  interceptor  aircraft  to  an  airborne  target  by  means 
of  information  relayed  from  a  ground-based  radar  site  which  observes  both  the  interceptor  and  the  target. 
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carried  within  the  missile, 


-  A  form  of  homing  guidance,  which  is  dependent  on  a  missile’s  ability  to 
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HOME-ON-JAM  CHOJl  -  See  Guidance,  Homing,  Passive. 
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IFF  (IDENTIFICATION  FRIEND  OR  FOE'l  -  A  system  using  radar  transmission  to  which  equipment  carried 
by  friendly  forces  automatically  responds  by  emitting  a  unique  characteristic  series  of  pulses  thereby  distinguishing 
themselves  from  enemy  forces.  It  is  the  "Mode  IV"  for  the  aircraft  transponder.  See  also  transponder. 
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phase  of  the  response  and  is  thereby  useful  as  an  angle  deception  technique.  Not  effective  if  the  radar  uses  image  rejection. 


IMPATT  DIODE  -  The  IMPATT  (IMPact  Avalanche  and  Transit  Time)  diode  acts  like  a  negative  resistance  at 
microwave  frequencies.  Because  of  this  property,  Impatt  diodes  are  used  in  oscillators  and  amplifiers.  Usually  the 
frequency  range  is  in  the  millimeter  wave  region  where  other  solid  state  devices  cannot  compete. 
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rNAL  RATIO  =  See  I/S  Ratio. 


INTERFERENCE  THRESHOLD  -  The  level  of  interference  normally  expressed  in  terms  of  the  I/S  (inter¬ 
ference/signal)  ratio  at  which  performance  degradation  in  a  system  first  occurs  as  a  result  of  EMI. 
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break  lock  on  CONSCAN  radars. 
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coherent  light.  The  process  utilizes  a  natural  molecular  (and  atomic)  phenomenon  whereby  molecules  absorb  incident 
electromagnetic  energy  at  specific  frequencies,  store  this  energy  for  short  but  usable  periods,  and  then  release  the  stored 
energy  in  the  form  of  light  at  particular  frequencies  in  an  extremely  narrow  frequency-band. 
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IJMTTTNG  -  A  term  to  describe  that  an  amplifier  has  reached  its  point  of  saturation  or  maximum  output  voltage 
swing.  Deliberate  limiting  of  the  signal  is  iised  in  FM  demodulation  so  that  AM  will  not  also  be  demodulated. 
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LONG  PULSE  MODE  -  Many  pulsed  radars  are  capable  of  transmitting  either  long  or  short  pulses  of  RF  energy. 
When  the  long  pulses  of  RF  energy  are  selected  manually  (or  sometimes  automatically),  the  radar  is  said  to  be  operating 
in  the  long  pulse  mode.  In  general,  "long  pulse  mode"  is  used  to  obtain  high  average  pOwdr  for  long-range  search  or 
tracking,  and  "short  pulse  mode"  gives  low  average  power  for  short-range,  high-definition,  tracking  or  search. 

LOOSE  DEUCE  -  General  term  for  two  aircraft  working  in  mutual  support  of  each  other. 
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MAGNETRON  OSCILLATOR  -  A  high-vacuum  tube  in  which  the  interaction  of  an  electronic  space  charge  and 
a  resonant  system  converts  direct  current  power  into  ac  power,  usually  at  microwave  frequencies.  The  magnetron  has  good 
efficiency,  is  capable  of  high  power  outputs,  and  is  stable. 
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MICROWAVE  AMPLEFTCATION  BY  STIMULATED  EMISSION  OF  RADIATION  ^MASER^  -  A  low-noise 
radio-frequency  amplifier.  The  emission  of  energy  stored  in  a  molecular  or  atomic  system  by  a  microwave  power  supply 
is  stimulated  by  the  input  signal. 
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10-133 


MODULATION.  AMPLITUDE  -  This  type  of  modulation  changes  the  amplitude  of  a  carrier  wave  in  responses 
to  the  amplitude  of  a  modulatmg  wave.  This  modulation  is  used  in  radar  and  EW  only  as  a  switch  to  turn  on  or  turn  off 
the  carrier  wave;  i.e.,  pulse  is  a  special  form  of  amplitude  modulation. 

MODULATION.  ITLEQUENCY  -  The  frequency  of  the  modulated  carrier  wave  is  varied  in  proportion  to  the 
amphtude  of  the  modulating  wave  and  therefore,  the  phase  of  the  carrier  varies  with  the  integral  of  the  modulating  wave. 
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causes  the  antenna  to  track  the  target. 


MO$  (MINIMUM  OPERATIONAL  SENSl'I'lVI'ry)  -  The  minimum  signal  which  can  be  detected  and 
automatically  digitally  processed  by  a  radar  without  human  discrimination. 
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visible  detection  threshold,  and  then  slowly  decreasing  the  amplitude. 


NQIgE  FTQyRE,  RECEIVER  -  A  figure  of  merit  (NF  or  F)  of  a  system  given  by  the  ratio  of  the  signal-to-noise 
ratio  at  the  input,  Sj  /  Nj,  divided  by  the  signal-to-noise  ratio  at  the  output,  .  It  essentially  expresses  the  ratio  of 

output  noise  power  of  a  given  receiver  to  that  of  a  theoretically  perfect  receiver  which  adds  no  noise. 

„  .  S,  /N^  N  ~ 

Noise  Figure  =  - -  =  — — 

^oINo  GN,  SYSTEM  OUTPUT  I  Noise  PovMr  t 
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reject  filter.  A  "notch  maneuver"  is  used  to  place  a  tracking  radar  on  the  beam  of  the  aircraft  so  it  will  be  excluded. 


NULL,  ANTENNA  PATTERN  -  The  directions  of  minimum  transmission  (or  reception)  of  a  directional  antenna. 
See  also  Lobe,  Antenna. 
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limitations  consist  of  such  things  as  limited  frequency  bands  or  channels  in  which  the  radars  may  be  tuned,  limited  sectors 
of  space  into  which  radar  beams  may  be  pointed,  limits  on  minimum  spacing  between  ships,  limits  on  what  codes  may  be 
used  by  radars  and  missiles  on  each  ship,  and  limits  on  minimum  interval  between  firing  of  certain  missiles. 


OSCIIXATORS  -  Devices  which  generate  a  frequency.  See  also  Backward  Wave,  Dielectrically  Stabilized 
Oscillator,  Hyperabrupt  Varactor  Oscillator,  Magnetron  Oscillator,  Varactor  Tuned  Oscillator,  and  YIG  tuned  oscillator. 

OSCILLATOR.  LOCAL  -  See  Local  Oscillator  Frequency. 

PALMER  SCAN  -  Conical  scan  superimposed  on  another  type  of  scan  pattern  -  usually  a  spiral  pattern. 
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POLARIZATION  -  The  direction  of  the  electric  field  (E-field)  vector  of  an  electromagnetic  (EM)  wave.  See 
section  3-2.  The  most  general  case  is  elliptical  polarization  with  all  others  being  special  cases.  The  E-field  of  an  EM  wave 
radiating  from  a  vertically  mounted  dipole  antenna  will  be  vertical  and  the  wave  is  said  to  be  vertically  polarized.  In  like 


manner,  a  horizontally  mounted  dipole  will  produce  a  horizontal  electric  field  and  is  horizontally  polarized.  Equal  vertical 
and  horizontal  E-field  components  produce  circular  polarization. 

PQRT  -  The  left  side  of  a  ship  or  aircraft  when  faring  the  bow  (forward) 

POWER  (AVERAGE)  FOR  PULSED  RADARS  -  Average  power  for  a  pulse  radar  is  the  average  power 
transmitted  between  the  start  of  one  pulse  and  the  start  of  the  next  pulse  (because  the  time  between  pulses  is  many  times 


actual  pulse  transmission  (with  zero  power  transmitted  between  pulses). 

10-1.40 


POWER  FOR  CW  RADARS  -  Since  the  power  output  of  CW  transmitters  (such  as  illuminator  transmitters) 
usually  have  a  duty  cycle  of  one  (100%),  the  peak  and  average  power  are  the  same. 


8 


6 

1H 


PinJ^E  COMPRESSION  -  See  PC. 


PULSED  DOPPLER  f  PD’>  -  A  type  of  radar  that  combines  the  features  of  pulsed  radars  and  CW  Doppler  radars. 
It  transmits  pulses  (instead  of  CW)  which  permits  accurate  range  measurement.  This  is  an  inherent  advantage  of  pulsed 
radars.  Also,  it  detects  the  Doppler  frequency  shift  produced  by  target  range  rate  which  enables  it  to  discriminate  between 
targets  of  only  slightly  different  range  rate  and  also  enables  it  to  greatly  reduce  clutter  from  stationary  targets.  See  also 
Doppler  Effect. 
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10-1.42 


PT  Tl  .SF.  SPACING  -  The  interval  of  time  between  the  leading  edge  of  one  pulse  and  the  leading  edge  of  the  next 
pulse  in  a  train  of  regularly  recurring  pulses.  See  also  Pulse  Repetition  Frequency.  Also  called  "the  interpulse  period." 
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10-1.44 


Jammer  initially  repeats  the  skin  echo  with  minimum  time  delay  at  a  high  power  to  capture  the  AGC  circuitry.  The  delay 
is  progressively  increased,  forcing  the  tracking  gates  to  be  pulled  away  ("walked  off)  from  the  target  echo.  Frequency 
memory  loops  (FML’s),  or  transponders  provide  the  variable  delay. 


RANGE  RATE  -  The  rate  at  which  a  radar  target  is  changing  its  range  with  respect  to  the  radar  (in  feet  per 
second  for  example).  Note  that  this  rate  is  not  the  same  as  target  velocity  unless  the  target  is  moving  straight  toward  or 
straight  away  from  the  radar. 


the  radio  wave. 


-  In  radar,  the  minimum  separation  in  angle  or  in  range  between  two  targets  which  the  radar  is 


>PE  -  (RANGE  SCOPE)  See  A-scope  or  PPL 


SAFETY  OF  FLIGHT  fSOFI  TEST  -  A  flight  test  to  verify  that  a  new  or  modified  subsystem  will  not  cause  a 
major  problem  with  the  aircraft,  i.e.,  interference  can  occur,  but  will  not  be  such  that  required  navigational  systems  will 
fail  or  which  might  potentially  cause  the  loss  of  an  aircraft  under  all  normally  expected  weather  conditions. 
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SIDEBAND  -  A  signal  either  above  or  below  the 
carrier  frequency,  produced  by  the  modulation  of  the 
carrier  wave  by  some  other  wave.  See  figure  at  right 
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"SPOOFING"  -  A  type  of  deception  by  using  an  electronic  device  to  transmit  a  "target"  echo.  The  spoofing 
transmitter  must  operate  at  the  same  frequency  and  PRF  as  the  radar  to  be  deceived.  The  radar  main  pulse  triggers  the 
spoofing  transmitter  which,  after  a  delay,  transmits  a  false  echo. 


SPOT  JAMMING  -  Narrow  frequency  band  jamming  concentrated  against  a  specific  radar  at  a  particular 
frequency.  The  jamming  bandwidth  is  comparable  to  the  radar  bandpass.  Can  deny  range  and  angle  information. 

SPURIOUS  EMISSION  -  Electromagnetic  radiation  transmitted  on  a  frequency  outside  the  bandwidth  required 
for  satisfactory  transmission  of  the  required  waveform.  Spurious  emissions  include  harmonics,  parasitic  emissions,  and 
intermodulation  products,  but  exclude  necessary  modulation  sidebands  of  the  fundamental  carrier  frequency. 
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attack  aircraft. 


-  Similar  to  stand-forward  jamming  but  usually  using  an  UAV  with  a  lower  powered 
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then  use  the  resulting  chaff  corridor  to  mask  their  penetration. 
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TARGET  SIZE  -  A  measure  of  the  ability  of  a  radar  target  to  reflect  energy  to  the  radar  receiving  anff-nna  The 
parameter  used  to  describe  this  ability  is  the  "radar  cross  section*  of  the  target.  The  size  (or  radar  cross  section)  of  a 
target,  such  as  an  aircraft,  will  vary  considerably  as  the  target  maneuvers  and  presents  different  views  to  the  radar.  A  side 
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per  second.  As  the  target  moves  out  of  the  center  of  this  circle,  the  radar  develops  aim  error  voltages  and  re-aims  the 
antenna.  (2)  The  monopulse  system  directs  four  beams  at  the  target  simultaneously.  The  target  is  in  the  middle  of  the  four 
beams.  If  the  target  is  not  in  the  center,  the  radar  return  develops  an  aim  error  voltage  to  re-aim  the  anfp.nna 


10-136 


TRIGGER  KILL  (RADAR)  -  A  method  employed  to  momentarily  disable  certain  radar  system  drcuits  to  reduce 
nate  RF  emissions  which  may  cause  an  EMI/EMC  or  RADHAZ  situation  such  as  on  the  deck  of  a  ship. 
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VELOCITY  MODULATION  -  Velocity  modulation  is  modification  of  the  velocity  of  an  electron  beam  by 
alternately  accelerating  and  decelerating  the  electrons  at  a  frequency  equal  to  the  input  frequency.  Thus,  the  electrons  are 
segregated  in  bunches,  each  bunch  causing  a  cycle  or  current  as  it  passes  an  output  electrode.  The  velocity  of  the  electrons 
is  thus  a  function  of  the  modulation  voltage.  See  also  Klystron,  Multicavity  and  Klystron,  Reflex. 

VICriM  -  A  receiver  (radar  or  missile)  that  suffers  degradation  due  to  ECM  or  EMI  effects. 
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WAVEMETER  -  An  instrument  for  measuring  the  frequency  of  a  radio  wave.  The  wavemeter  is  a  mechanically 
tunable  resonant  circuit.  It  must  be  part  of  a  reflection  of  transmission  measurement  system  to  measure  the  maximiun 
response  of  a  signal.  Below  20  GHz,  the  wavemeter  has  been  replaced  by  the  frequency  feUntef  vWth  much  ^eater 
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the  diode  despite  a  wide  range  of  current. 
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